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SUMMARY

An investigation was carried out to complete the preliminary
development of a combined perturbation/optimization procedure and
associated computational code for designing optimized blade-to-
blade profiles of turbomachinery blades. The overall purpose of
the procedures developed in this study is to provide demonstration
of a rapid nonlinear perturbation method for minimizing the compu-
tational requirements associated with parametric design studies
of turbomachinery flows. The method reported here combines the
multiple-parameter nonlinear perturbation method, successfully
developed in previous phases of this study, with the NASA TSONIC
blade~to-blade turbomachinery flow solver, and the COPES-CONMIN
optimization procedure into a user's code for designing optimized
blade-to-blade surface profiles of turbomachinery blades. Results
of several design applications and a documented version of the
code together with a user's manual are provided.



1. INTRODUCTION

The remarkable success of advanced computational methods for
determining complex fluid dynamic phenomena has created a con-
tinuing demand both for increasing the accuracy and generality of
these methods, as well as the desire to incorporate these methods
into a routine use mode needed for design and parametric investi-~
gations. However, a major impediment to such routine use of many
of these current and emerging computational codes is the high
computational cost reguired in their direct application
to situations requiring repetitive high-frequency use. Conse-
gquently, a real need exists for determining the means to reduce
these costs while retaining the required accuracy in such non-
linear applications. While this need exists in virtually all
engineering applications when relatively sophisticated numerical
codes are employed, for turbomachinery applications it is partic-
ularly severe since both the underlying aerodynamic computation
of the flow field is costly and also the number of flow and
geometry parameters needed to be varied in design studies is
large.

The ultimate objective of this investigation is to develop
and demonstrate methods that would provide the means to reduce
substantially the overall computational reguirements necessary
for turbomachinery design studies. It is conceived that these
methods would be coupled with high run-time general turbomachin-
ery computational flow field solvers and would be used in con-
junction with them in applications where large numbers of related
nonlinear turbomachinery solutions are required.

That such methods can be realized has been successfully
demonstrated in the previous phases (Refs. 1-3) of this study.
In the first of those investigations (Ref. 1), several candidate
methods were studied and the most promising method was identi-
fied. Extensive development and testing of that method was then
carried out in the subsequent phase (Ref. 2). This testing was
performed for a wide variety of both flow and geometry parameters
for turbomachinery flows past isolated blades and compressor
cascades at both subcritical and supercritical conditions.
Emphasis was placed in particular on strongly supercritical flows
which exhibited large surface shock movements over the parametric
range studied. Comparisons of the perturbation predictions with
the corresponding exact nonlinear solutions indicated a remark-
able accuracy and range of validity of the perturbation method.
In the most recently compléted phase (Ref. 3), the perturbation
method was extended to treat simultaneous multiple-parameter
perturbations. Extensive testing of the method has demonstrated
remarkable accuracy and range of validity of the multiple-
parameter perturbation procedure in direct correspondence with
the previous results obtained for single-parameter perturbations.
Additionally, initial applications of the multiple-parameter



perturbation method combined with an optimization procedure were
made (Ref. 3) to several turbomachinery blade design problems.
The results demonstrated the potential of the perturbation method
for reducing the computational work in such applications by an
order of magnitude with no degradation in accuracy.

The work reported here describes the continued development
of the combined multiple-parameter perturbation method/
optimization procedure. The primary objective of this phase is
on the development of that combined procedure into an operational
method for designing optimized blade-to-blade profiles of turbo-

machinery compressor blades.
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2. ANALYSIS

2.1 Perturbation Concept

The obvious method of carrying out a perturbation analysis,
that is by establishing and solving a series of linear perturba-
tion equations in the manner of van Dyke (Ref. 4), appears to be
an obvious choice for the current application. The initial phase
of this study (Ref. 1) established that for sensitive flows, such
as occur in turbomachinery, the basic linear variation assumption
fundamental to the technigque is sufficiently restrictive that the
allowable range of parameter variation is so small as to be of
little practical use. A novel alternative to the linear pertur-
bation equation approach was then subsequently developed and
successfully tested (Refs. 1-3) in which a correction method is
used that employs two or more nonlinear solutions obtained from
the basic nonlinear flow solver, rather than just one as in the
linear perturbation equation approach. For this alternative
method, the basic perturbation solution is determined simply by
differencing two nonlinear flow solutions removed from one
another by some nominal change of a particular flow or geometri-
cal quantity. A unit perturbation solution is then obtained by
dividing that result by the change in the perturbed quantity.
Related solutions are determined by multiplying the unit pertur-
bation by the desired parameter change and adding that result to
the base flow solution. This simple procedure, however, only
works directly for continuous flows for which the perturbation
change does not alter the solution domain. For those perturba-
tions which change the flow domain, coordinate stretching is
necessary to ensure proper definition of the unit perturbation
solution. For discontinuous flows, special coordinate straining
is necessary to account for movement of discontinuities due to
the perturbation.

At this point, the perturbation concept based on these ideas
has both been implemented and thoroughly tested in a wide range
of applications (Refs. 1-3, 5-11). These applications have pur-
posely involved a number of different nonlinear flow field solvers
to provide the base solutions necessary for the perturbation

" calculation. The most extensive and systematic of these studies

are reported in References 2, 3, 9, and 11, where results are
provided for case studies involving a variety of different flow
and geometry parameter perturbations of nonlinear subsonic and
transonic flows past isolated blade and compressor cascade geo-
metries. For those applications, emphasis was placed in partic-
ular on strongly supercritical transonic flows which exhibit
large surface shock movements over the parameter range studied.
By extensive comparisons with the exact nonlinear solutions,
these studies have established the accuracy, range of validity,
and versatility of the perturbation method.



The underlying reason of the remarkable accuracy of the
perturbation method developed in this study lies in the use of
coordinate straining to define the unit perturbation. As shown
in Figure 1, where the perturbation between two nonlinear solu-
tion states is displayed. graphically as the shaded area between
the base and the strained and unstrained calibration solution,
coordinate straining provides the ability to account accurately
for the displacement of a multiple number of discontinuities and
maxima of high-gradient regions due to a parameter change. This
enables the perturbation method to maintain very high accuracy
in regions of high gradients where most perturbation methods
commonly fail, and to maintain that accuracy over large para-
metric ranges.

In what follows, we provide a brief account of the theoret-
ical essentials of the strained-coordinate perturbation concept
as it configured and implemented in the present design applica-
tion. This is to predict simultaneous multiple-parameter
perturbation flow solutions for blade surface properties of
turbomachinery blades for use in optimized blade design. The
turbomachinery flow solutions thus considered can contain a total
number N of discontinuities or high-gradient continuous regions.
Complete details of the mathematical basis of the method, in
particular, the application to flow field properties, may be
found in Reference 3.

For the prediction of distributions of surface properties
involving simultaneous multiple-parameter perturbations of aero-
dynamic flows where flow properties are required along some
contour, the strained-coordinate, first-order, multiple-parameter
perturbation approximation can be represented by

M
Q(x;e) = Qo(s) + E Ele.(s) + ... (1)
j=1
M
X=S+Eijl(s)+"' (2)
j=1

where x is the independent variable measuring distance along the
surface contour or some convenient projection of that distance,
s is the strained coordinate, and €. a small parameter represent-

ing the change in one of M flow or geometrical variables which
we wish to vary simultaneously.
In order to determine the first-order corrections Qlj(s),

we require one base and M calibration solutions in which the
calibration solutions are determined by varying each of the M



arbitrary independent parameters qj by some nominal amount from

the base flow value while keeping the others fixed at their base-
line values.

In this way, the first-order corrections Ql.(s) can be
determined as J

C
0, (s) = —1—— (3)
J Ej

Q.. (%5) = o (s)

where ch is the calibration solution corresponding to changing
the jth parameter to a new value ch, ij is the strained coordi-

nate pertaining to the ch calibration solution, and

Ej = ch - qOj represents the change in the qj parameter from

its base flow value. If we now desire to keep invariant during
the perturbation process a total of N points corresponding to
discontinuities or high-gradient maxima, we can represent the
first-order solution by

M
Q(x,e5) = 0g(s) + ) €50 (s) (4)
j=1 ]
where Ql (s) is given above and
J
N
xj = g + 2:: €j6xixli(s) (5)
i=1
N
X = s + 2:: ejdxixli(s) (6)
i=1
Ej = qc. - qo. (7
J J
. = g, - 8
83 qj qoj (8)
g.6x, = [x? - x9] (9)
jooi i iy



€.
- _J c _ O
ejdxi Ej [xi Xi]j (10)

Here E.Sxi given in Equations (5) and (9) represent the displace-

ment of the itk invariant point in the jt¢h calibration solution
from its base flow location due to the selected change Ej in the

qj parameter given by Equation (7), ej6xi given in Equations (6)

and (10) represents the predicted displacement of the ith invari-
ant point from its base flow location due to the desired change
ej in the qj parameter given by Equation (8), and xli(s) is a

unit-order straining function having the property that

1 k=1
] - (11)
0k # i

which assures alignment of the itk invariant point between the
base and calibration solutions.

In References 2 and 3, detailed studies were made of the
effect of different straining functions on the accuracy of the
perturbation result. In Reference 3, identification was made of
a superior class of straining functions for use in general non-
linear applications. This class turns out to be comprised of
linear piecewise-continuous straining functions, and particular
members of this class have proven effective in all case studies
undertaken to date. It has been found that this type of strain-
ing function is able to maintain high accuracy of the perturba-
tion predictive result in the vicinity of the invariant points,
and furthermore, this class of straining function introduces no
excessive straining in regions removed from those locations.
Occurrence of the latter phenomenon has been found to be a common
failure of certain other classes of straining functions (Refs. 2,
3).

The functional forms of the straining for linear piecewise-
continuous straining functions can be compactly written. For
example, the strained coordinate xj, in Equation (5) is given by

(o]
X. - S
;{. = s + —L— . [Xc.: - X(.)]
J © . - x° i i),
i+l i J
s - Xg C (0] o
MG o [xi+l - xi+l]. H{xi+1 - S)] ) H[s a xi] (12)
X, - X, j
i+l i



where H denotes the Heaviside step function. In addition to the
points corresponding to discontinuities or high-gradient maxima,
it is usually also necessary in coordinate straining to hold
invariant both of the end points along the contour. Consegquently,
for the application developed here, the array of invariant points
in the base and calibration solutions are taken as

o o
xg = {o, x5, %3, .ouh 1
(13)
c
Xy = {0, xi_, xg., ceny xg_, l}
J J J J

where the contour length has been normalized to unity and where
n is the number of invariant points along the blade contour
exclusive of the end points.

2.2 Combination of Perturbation Method with
Optimization Procedures for Blade Design

One of the major objectives of the previous phase of this
investigation (Ref. 3) was the demonstration of the capability
of the perturbation method to work effectively in an important
nonlinear design environment related to turbomachinery. The
particular application selected was optimized turbomachinery
blade design. Toward the above objective, the perturbation
method, configured to treat simultaneous multiple-parameter
changes, was combined with proven optimization procedures
(Refs. 12, 13). Next, performance and design constraints char-
acteristic of certain turbomachinery blade design problems were
constructed. Finally, applications of the combined procedure to
several case studies involving blade profile optimization were
made. The objectives of these initial applications were to
demonstrate the workability of the perturbation concept in a
design environment, provide a benchmark of the potential for
computational savings of the combined perturbation/optimization
procedure for some typical design problems, and determine the
accuracy of the perturbation-predicted results for these cases.

Two different types of optimization problems were considered.
The first set of case studies involved isolated blades and were
more fundamental in nature, while the second set involved a
practical turbomachinery compressor blade design. For the first
set of studies, the particular isolated blade design optimization
problems selected for study involved the alteration of a baseline
profile shape by adding to the baseline profile a set of shape
functions according to the relation



M
Z(x) = Z_(x) + E AP, (x) (14)
i=1

where ZO are the ordinates of the baseline profiles, Fi are the
shape functions, and the coefficients Ai are the design variables

whose values are determined by the optimization process as a
result of a search through design-variable solution space to
achieve a desired design improvement. The general class of geo-
metric shape functions employed, which have been found to be
successful in previous applications involving optimization of
supercritical airfoil sections (Ref. 14), consisted of exponen-
tial decay functions and sine functions. These are of the

general form (1 - x) =« xp/eqx and sin (ﬂXr)n, where the exponents
P, 9, r, and n are selected to provide a desired ordinate maximum’
at a particular chordwise location. The exponential functions
are generally employed to provide adjustments near the leading
edge, while the sine functions are used to provide maximum ordin-
ate changes at particular chordwise stations. Illustrations of
the chordwise variation of typical members of these classes of
shape functions are provided in Figure 2, and it can be seen that
these functions smoothly concentrate ordinate thickness at
selected locations. Consequently, they can be used effectively
to add a series of smoothly blended bumps or scallops at selected
locations along a baseline blade profile in order to control
locally the flow characteristics at particular sections on the
blade.

A strategy that has proven convenient for performing opti-
mization studies involving aerodynamic performance parameters
(Ref. 14) has been to recontour the profile shape so as to tailor
the surface pressure distribution to conform to a desired distri-
bution. This type of objective provides local control over the
basic aerodynamic surface flow property of importance, and
provides a means of attempting to achieve aft pressure gradients
sufficiently weak to avoid separation. An important corollary
advantage of using such an objective is that viscous separation
can be minimized. This allows use of an inviscid aerodynamic
flow solver in the optimization process rather than a much more
computationally-expensive viscous solver, and assures that the
optimization result thus obtained at the inviscid level is
representative of the actual flow.

In such studies, the characteristics that are primarily
sought after in the optimization process are the minimization of
both the peaky behavior near the leading edge and the compressive
gradient on the aft portion of the suction surface that typically
exists on the baseline profiles considered. This is illustrated
schematically in Figure 3. For two of the three series of case



studies undertaken for isolated blades, the objective function
was taken as the minimization of the mean squared error between
the predicted and desired surface pressure distribution, i.e.,

K
OBJ = }: Co (x,) - Cp (%) 2 (15)
k=1 predicted desired

where K represents the number of chordwise locations xk where

desired and calculated surface pressures are compared. For the
third series, the objective function was chosen to be the drag
coefficient squared, a much more sensitive quantity. The opti-
mization procedure employed was the now-standard CONMIN code
(Ref. 12).

The detailed results presented in Reference 3 for the three
case studies on isolated blades clearly established the ability
of the perturbation method to work accurately in a highly non-
linear multiple-parameter design environment. This was found to
be true for both subcritical as well as strongly supercritical
flow situations. The supercritical case study employing drag
coefficient as the objective function demonstrated the advantages
and accuracy benefits of multiple invariant point clustering in
high-gradient regions as well as an explicit straining concept
for determining the perturbation result. Finally, the potential
for computational savings with the perturbation method in such
optimization problems was benchmarked at an order of magnitude,
and the possibility was demonstrated of even obtaining in some
cases improved results in terms of a more global minima of the
objective function with employing the perturbation method as
compared to not using it.

The final set of case studies involved the optimization of
realistic compressor blades and was directed toward laying the
foundations of a practical turbomachinery blade design/
optimization procedure coupled with the simultaneous multiple-
parameter perturbation method. The combined code consisted of
the TSONIC blade-to-blade flow solver (Ref. 15) with generalized
circular-arc blade geometry routines BLADE (Ref. 16) to describe
the blade profiles, and the more generalized COPES-CONMIN opti-
mization procedure (Ref. 13). The combined PERTURB/TSONIC/BLADE/
COPES-CONMIN procedure, called BLDOPT, was tested on several
NASA designed case studies to demonstrate the accuracy and capa-
bility of the combined procedure on problems typical of practical
turbomachinery blade design. These case studies involved, as
design variables, selected geometry parameters related to the
MASA/Lewis circular-arc blade profiles. The optimization
objective usually chosen was the minimization of the peak suction
surface velocity diffusion. Although that choice of objective
is a somewhat sensitive selection since it represents a point



guantity in a high-gradient region, the combined procedure was
able to demonstrate good results, with computational work savings
comparable to those found in the previous case studies (Ref. 3).

In these case studies, however, because the design variables
were selected as basic geometry parameters (blade curvature,
maximum blade thickness, etc.) related to the circular-arc blade
geometry, the optimization search problem itself becomes more
sensitive. This occurs because these design variables by their
very nature effect more global changes in the aerodynamic solu-
tion and therefore tend to interact more strongly with each other
than would a corresponding optimization problem which employs,
say, local shape functions as the design variables. For the
latter case, the design variables generally effect only local
changes in the aerodynamic solution and therefore tend to inter-
act much more weakly with one another. Consequently, optimiza-
tion problems posed with such design variables are usually much
more stable and less sensitive to small changes in search
direction.

However, the ability to employ basic blade geometry param-
eters as design variables is very attractive as it relates
directly to the capability of performing the more general pre-
liminary blade design problem where a wide universe of basic
blade shapes is considered. This contrasts to the problem
involving use of local shape functions as design variables which
relates to a more specific refined-design problem where the basic
blade profile has already been selected. The ability to treat
both problems is important, with the former being the more
general and more difficult to do.

10



3. RESULTS

Because the ultimate utility of the perturbation methods
being developed under this investigation is in optimized turbo-
machinery design, the primary objective of the current study was
to complete the development of the combined PERTURB/TSONIC/BLADE/
COPES~-CONMIN procedure (BLDOPT) for performing optimized turbo-
machinery blade~to-blade surface profile design, and to finalize
the procedure into a user's code so as to make generally available
such a procedure to facilitate future use and testing by the
general turbomachinery community. Toward that end, we have com-
pleted the assembly and preliminary verification testing of the
four component codes configured into a combined program and con-
trolled under a user-friendly executive program.

A number of features have been incorporated into the current
version of the BLDOPT program reported here, which were not
available in the preliminary version reported in Reference 3.
These features considerably enhance both the capability and gen-~
erality of the method. An explicit straining procedure, which
in essence specifies the points at which the final solution
results are determined rather than allow these points to be
determined implicitly from the straining of the base flow points
as was done standardly in the past, has been implemented in the
present BLDOPT code. The explicit procedure avoids a double
interpolation of the perturbation result and has been found to
yield significantly improved accuracy in high-gradient regions
at only a very slight increase in computational work. In addi-
tion to the explicit straining procedure, the updated BLDOPT code
has incorporated several new options available to the user when
employing the perturbation method. These options, which are
controlled by the parameter IOPT defined in Section A.4 of the
user's manual, relate to the way the calibration solution matrix
is defined. One of these options provides the user with a basi-
cally automatic hands-off procedure for using the perturbation
method. Under this option, the user is not required to preselect
and input the design variable values for the calibration solution
matrix. Rather the matrix is determined completely by the pro-
gram in the following way. For the first optimization cycle,
the perturbation method is not used. Full nonlinear aerodynamic
solutions are determined by the flow field code as required as
input for the gradient and search optimization calculations.
After the first search cycle is complete and a new design point
determined, design variable values for the calibration solution
matrix are then determined based on the direction that the first
search cycle has taken. This results in an extremely good defin-
ition of the calibration solution matrix. The result is that the
design variable solution space which is subsequently searched on
the second and successive optimization searches usually requires
only very reasonable interpolations/extrapolations within the
design variable parameter range of the defined solution matrix.

11



This option (IOPT = 3) provides the automatic user-invisible
procedure for defining the calibration solution matrix. An addi-
tional option (IOPT = 2) which requires user-input for defining
the calibration solution matrix has also been incorporated into
the code. Within this option, the calibration matrix definition
can be accomplished by either individually specifying all the
design variables (ICALB = 1) or alternatively (ICALB = 0) by
employing a constant-value calibration stepsize which increments
each design variable by this fractional change of its base flow
value. The automatic IOPT = 3 option requires the additional
cost of one optimization search cycle using full aerodynamic flow
field solutions over that of the IOPT = 2 option which in contrast
requires a user-input of the design variable values for the
calibration solutions. WNevertheless, the IOPT = 3 option pro-
vides a highly accurate and basically hands-off means of employ-
ing the perturbation method and is recommended for use when no
information is available on search direction from previous
related calculations.

In terms of final design variable accuracy and potential
computational time savings using this IOPT = 3 option, in
Figures 4 and 5 we present comparisons of a severe test of this
option for the optimization results for a 5 design variable
supercritical pressure tailoring case study on an isolated blade
using blade contour shape functions similar to those reported in
Reference 3. Figure 4 provides a comparison of the perturbation-
predicted final design wvariables and objective function (@) with
results obtained with not using the perturbation method but
employing full nonlinear full potential aerodynamic solutions
throughout {(®). These are the results after 5 optimization
cycles. We note the essentially exact correspondence between
the final design variable values. Corresponding comparison of
the objective function, in fact, indicate a slightly better
result obtained by the perturbation method (m). In Figure 5,
the corresponding comparison of computational work in CPU seconds
and objection function reduction per otimization search cycle is
provided. Here we see that after the first cycle is complete,
the perturbation procedure actually requires less time to define
the calibration matrix solution and complete the second search
than does the full nonlinear flow field method with the same
reduction in objective. From that point on, the perturbation
method requires essentially no time to complete searches 3 to 5,
and then an additional increment to calculate the final design
result using the nonlinear flow field solver. Time savings
achieved with the perturbation method for this case is 58% of
that required for the full nonlinear result. These and similar
results obtained with the IOPT = 3 option confirm the utility of
the automatic user option for defining the calibration solution
matrix.

12



With regard to the particular optimization problem toward
which the BLDOPT program has been configured, the following eight
blade geometry parameters that are commonly used to characterize
NASA circular-arc blade section profiles (Ref. 16) have been
incorporated as design variables:

Blade Geometry Parameter Program Name
Blade camber angle at inlet KICR
Blade camber angle at outlet KOCR
Transition location/chord T
Maximum thickness location/chord ZM
Inlet/outlet turning rate ratio P
Blade maximum thickness/chord TMX
Leading edge radius/chord THLE
Trailing edge radius/chord THTE

These geometry parameters are illustrated graphically in Figure 6.
For more details about the geometry of these classes of blade
shapes, we refer the reader to Reference 1l6. In the BLDOPT pro-
gram, any arbitrary combination up to six of the above param-
eters may be used in the optimization analysis.

The sample optimization problem that has been examined to
verify the combined procedure employs, as a design objective, the
minimization of the velocity diffusion on the blade suction sur-
face, i.e.,

qmax,suction

OBJ =
q

(16)

avg,exit

where g is the maximum surface velocity on the blade

max,suction

suction surface and g is the average exit velocity in the

avg,exit
freestream. Six of the eight design variables described above are
employed: blade outlet camber angle, KOCR; transition location
between fore and aft circular arc sections, T; maximum thickness
location, ZM; inlet to outlet turning rate ratio, P; maximum
thickness, TMX; and radius of the leading edge circle, THLE.
During the optimization process, each of the design variables

was constrained to remain within certain prescribed bounds in
order to prevent a physically-unrealistic blade design from
occurring. Furthermore, several active side constraints were
additionally imposed both to insure design of a physically-
realistic blade and also to achieve certain desirable fliow

13



characteristics on the blade. The active side constraints
employed were:

1. Maintenance of nonzero local blade thickness

2. Maintenance of low velocity diffusion on the blade
pressure surface

3. Trailing edge closure via an effective Kutta condition

The basis of the first constraint is self-evident and is
necessary since various combinations of the basic circular-arc
blade geometry parameters can easily result in the upper and
lower blade surface arcs crossing and thus lead to negative
thickness. To understand the basis of the second and third con-
straints, it is helpful to examine the typical blade surface
velocity plot as determined by the TSONIC solver. As sketched
below in the plot on the left,

A A
Tnax, s o
! Trailing edge
q q . closure points
\/ S,
> L " ‘min.p,
LE m TE LE m TE
Baseline profile During optimization

the baseline profile has a large peak suction velocity which is
desired to be reduced. It is also desirable to maintain on the
pressure surface as uniform a velocity distribution as possible
and, furthermore, to avoid a large mismatch in the upper and
lower surface velocities at the trailing edge. During the opti-
mization process, it is sometimes found that the lower surface
velocity can develop peaks, such as shown in the plot on the
right, and that the velocity distributions may cross ahead of
the trailing edge. The constraints constructed to alleviate
these occurrences are as follows. In order to keep large dif-
ferences between the pressure surface velocity maxima and minima
from occurring, we enforce the condition

a
0.0 < _Max,press _ | 4

qmin,press o

14



where qmax,pres is the maximum blade pressure surface velocity

over the front half of the blade and 9nin press
14

blade pressure surface velocity over the last two-thirds of the
blade. Restricting the maximum velocity considered to the front
half of the blade and the minimum velocity to the rear of the
blade prevents the maximum from moving rearward and the minimum
from moving forward and thereby defeating the constraint. To
maintain an effective Kutta condition at the rear of the blade,
we enforce the condition

is the minimum

q;?E—Z,suction - qITE-2,press

-1 < 75

<1

Here, are the third last surface

qITE-2,suction and qITE—2,press
velocities on the flow field grid near the trailing edge on the
suction and pressure surfaces, respectively. Additional con-

straints, or constraints different from the above, can easily be
implemented into the optimization analysis with the BLDOPT code.
Details for carrying this out are provided in the user's manual.

We have successfully completed a verification series of
calculations of the new combined PERTURB/TSONIC/BLADE/COPES-
CONMIN procedure in which the accuracy and sensitivity of the
perturbation method was tested as a function of choice of the
initial calibration solution matrix. The initial or base values
of the design variables for the baseline blade profile, and the
upper and lower bounds of the design variables that were speci-
fied for this test problem were:

Design Lower U r Initial

Variable Description we pbe t
Bound Bound Value

Number
1l Outlet blade camber angle - KOCR -15.0° 0.0° =10.0°
Transition location/chord - T 0.20 0.60 0.25
4 Maximum thickness location/

chord - ZM 0.20 0.55 0.45

Inlet/outlet turning/chord - P 0.50 4.00 1.50

6 Maximum thickness/chord - TMX 0.03 0.10 0.05
Leading edge radius/chord - THLE 0.003 0.012 0.005

15



The results of these calculations are summarized in Table 1.
There we have provided comparisons of the final design variables
and objective function predicted when employing full nonlinear
TSONIC solutions throughout the optimization process with corre-
sponding results when using the perturbation method. For the
perturbation results, different choices of the calibration solu-
tion matrix were made and are noted in the table. All the results
represent converged solutions, with each calculation employing
10 optimization search cycles or less if no change in objective
function should occur in three successive itermations.

The result indicated for the case when the perturbation
method is not employed and TSONIC solutions are used throughout
(IOPT = 1) provide the benchmark solution for comparison with the
perturbation results. We note that similar full nonlinear
benchmark results reported in Reference 3 for a related problem
demonstrated the sensitivity of this class of optimization prob-
lems to the choice of the maximum velocity diffusion as an
objective function. Identical benchmark results were obtained on
the Ames Research Center CDC 7600 and the Lewis Research Center
IBM 3033. The differences between those two results, which were
of the same order as the differences between the various pertur-
bation results, were due solely to the number of significant
figures maintained in the respective calculations, i.e., eight
for the IBM 3033 and 14 for the CDC 7600. This illustrates a
common characteristic of many nonlinear multiple-parameter opti-
mization problems, i.e., the existence of many local minimums.
Furthermore, it also emphasizes the sensitivity of certain classes
of optimization problems to both choice of objective function
and design variables.

We observe from the perturbation results indicated in Table 1
that, with the exception of only one design variable (T) in
certain instances of a deliberately made poor choice of calibra-
tion solution matrix, the final design variables predicted by
the perturbation method for both IOPT=2 or 3 options trend in
the same direction from the baseline value as the full nonlinear
(IOPT=1) result and consistently improve the objective function.
Under the I10PT=2 option, case 1 displays the results for a choice
of calibration solution matrix which is very close to the final
design result reached using the full nonlinear IOPT=1 option.

The final perturbation-predicted design result for case 1 is
slightly removed from the nonlinear result, but the objective
function is guite close to the nonlinear result, indicating the
presence of nearby alternative local optimization minimums. For
case 2, the calibration matrix was determined by using the option
ICALB=0 and selecting a constant-value calibration stepsize for
each design variable of PSTEP=0.10. This implies that the value
for each design variable for the calibration solution matrix is
found by incrementing by 10 percent its base value. This manner
of selecting the calibration matrix design variables is
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relatively crude since, on average, half of the perturbation flow
solutions for the optimization searches will involve design
variable interpolation and half will require extrapolation.
Furthermore, a certain fixed percentage increment on some design
variables may be far too much in range in that large solution
interpolations may be required, while that same percentage incre-
ment may be far too small for other design variables which

would then require large extrapolations. Nevertheless, in the
face of no a priori information regarding the direction and

range that the optimization search will proceed over, the

use of the ICALB=0 option provides a convenient and inexpensive
way of obtaining a preliminary optimization result. Additionally,
as the results for case 2 indicate, the ICALB=0 results are

often quite good. Analogous results using ICALB=0 and
PSTEP=-0.10, which implies a decrement of 10 percent from the
base design variable values for the calibration design

variables, are given in case 3. As can be seen, these results
are inferior to those of case 2, and illustrate the relative
importance of chosing calibration matrix design variable values
that result in modest interpolations/extrapolations, since for
ctase 3 larger interpolations/extrapolations are required. The
results of both cases 4 and 5 further illustrate this point.

For case 4, the calibration design variables were chosen so as to
result exclusively in modest perturbation solution extrapolations
during the optimization searches. 1In case 5, similar choices
were made so as to result exclusively in modest solution
interpolations. Both results in terms of final design variable
values and objective function are guite good. The final

IOPT=2 result shown in case 6 illustrates the effect of an
intentional bad selection for the calibration solution design
variables in that large perturbation solution extrapolations/
interpolations are required during optimization. Although the
final design result for the objective function is the least
satisfactory of the six IOPT=2 cases, the majority of the design
variables have trended in the appropriate direction. Conse-
quently, even in for this situation involving deliberate poor
choices of the calibration matrix, the perturbation method

does not break down and yield spurious results, but provides
instead a reasonable preliminary result. The final perturba-
tion result shown in Table 1 is for the IOPT=3 option. For a
slightly higher computational cost, that result provides a

very good comparison between the final IOPT 1 nonlinear result.

The computational time needed to obtain the perturbation
results in cases 1 to 6 under the IOPT=2 option were 76-78 secs.
of CDC 7600 CPU time per case. The corresponding time for
the IOPT=3 option was 97 secs. The benchmark IOPT=1 full
nonlinear CDC 7600 result shown in Table 1 required 644 secs.
Thus, the perturbation method provides a savings of (644 - 78)/
644 = 88% of the computational time for the IOPT=2 option and
(644 -~ 97) /644 = 85% for the IOPT=3 option for this example.
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The significant conclusions to be drawn from this study are
that the perturbation method can work accurately in multiple-
parameter design environments even for very sensitive optimiza-
tion problems and provide both meaningful final design results
and large computational savings over not using the method. The
choice of objective function such as was made for this case
study, namely a point quantity located in a high-gradient region,
requires careful user attention to the initial calibration matrix
choice if IOPT=2 is employed in order to avoid large extrapola-
tions, whereas if the IOPT=3 option is employed and the program
allowed to automatically determine the calibration matrix, no
exceptional difficulties are observed.

Additional optimization computations were made to try to
determine whether an alternative choice of objective function
would remove the sensitivity observed in the current problem.

For example, computations were made employing objective functions
defined as.(l) the sum of the maximum surface velocity on the
blade suction surface plus the surface velocities on either side
of that point, and (2) the sum of the first five surface
velocities near the leading edge on the blade suction surface.
The design variables and side constraints were kept the same

as those of the original problem. The hope was that by spreading
the objective function over a wider region on the blade surface,
that the extreme sensitivity of the problem would be reduced.

The results of these calculations, however, were disappointing

in that they provided uniformily inferior results to the original
choice of the objective function as a point quantity [Eq. (16)].
Our conclusion with regard to improving the posing of this parti-
cular optimization problem is that two issues must be addressed
that were beyond the scope of this investigation. The first
concerns the definition of the flow solution in the vicinity

of the peak suction pressure. A detailed examination should be
made of the accuracy and reliability of the flow solver (TSONIC)
in that region. The second issue concerns the reliability of

the basic CONMIN optimizer itself. In many of the optimization
calculations undertaken in this study, a notable characteristic
of the CONMIN optimizer was its penchant to move to a shallow
objective function minimum in the near vicinity of the baseline
configuration and to remain there. Alteration of stepsizes,
design variable scalings, and certain tolerances did not change
this characteristic. This behavior of CONMIN has been noted by
others (Ref. 18) who have concluded that the conjugate gradient
algorithm has serious convergence deficiencies when applied to

the class of aerodynamic optimization problems being considered
in this study. An attractive alternative method based on a
guasi-Newton algorithm has demonstrated significantly superior
performance characteristics over COPES/CONMIN for these same
classes of problems (Ref. 18). The CONMIN procedure was originally
developed for structural design problems with large numbers of
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variables and constraints, rather than for the relatively new:
aerodynamic optimization problem which involves a relatively
limited number of design variables and constraints. Conse-
quently, it is not surprising that superior procedures are now
being discovered and developed. In future work, an investigation
should be made of the desirability of replacing the COPES/

CONMIN optimization procedure embodied in the present BLDOPT
program developed here.
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4. CONCLUSIONS AND RECOMMENDATIONS

An investigation was conducted to complete the preliminary
development of a combined perturbation/optimization procedure
and associated computational code for designing optimized blade-
to-blade profiles of turbomachinery blades. The overall purpose
of the procedures developed in this study is to provide demon-
stration of the utility of a rapid nonlinear perturbation method
for minimizing the computational requirements associated with
optimized design studies of turbomachinery flows. The nonlinear
perturbation method employed has been successfully developed in
previous phases of this study and employs coordinate straining
concepts together with unit perturbations determined from a
special calibration matrix of nonlinear base solutions to pre-
dict families of related nonlinear solutions without further need
of the computational nonlinhear flow field solver. The solutions
predicted can be either continuous or discontinuous.

The results reported here relate to the combination of the
perturbation method, configured to predict simultaneous multiple-
parameter changes, with the NASA/Lewis Research Center TSONIC
code for predicting blade-to-blade flow solutions, the NASA/Lewis
Research Center BLADE code for generating NASA blade-to~blade
double circular arc blade shapes, and the NASA COPES-CONMIN code
for performing optimization searches in multiple-parameter design
space. The combined PERTURB/TSONIC/BLADE/COPES-CONMIN code,
called BLDOPT, has been configured to perform optimization studies
employing one, all, or any combination of the following eight
blade geometry parameters used to characterize NASA double cir-
cular arc blade profiles: inlet blade camber angle, outlet blade
camber angle, transition location between the inlet and outlet
circular arc sections, maximum thickness location, inlet to out-
let turning rate ratio, blade maximum thickness, leading edge
radius, and trailing edge radius. Redefinition of the objective
function and active side constraints for other case studies have
been made simple and straightforward by confining their definition
to one subroutine. The sample objective function and constraint
definitions included in the version of the code reported here
employ the velocity diffusion on the blade suction surface as
objective function and three active side constraints related to
maintenance of nonzero local blade thickness, low velocity dif-
fusion on the blade pressure surface, and an effective trailing
edge Kutta condition. The combined BLDOPT code has been made user-
friendly and has been documented in a user’'s manual included as
part of this report. An option has been included to allow the
user to bypass use of the perturbation method altogether and
employ TSONIC solutions throughout the optimization process in
order to establish selected benchmark calculations. Options are
also available to allow the user to employ the perturbation
method in an automatic hands-off fashion. This is accomplished
at the modest computational expense of one additional nonlinear
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TSONIC-solution only optimization cycle over the alternative
option of employing the perturbation method with the user supply-
ing information regarding the initial calibration solution matrix.

Results of a series of calculations of the combined BLDOPT
code have verified the code, demonstrated the accuracy of the
perturbation-predicted results, and established benchmark guide-
lines of the potential for computational savings of the method
under the various options included in the code. In general, the
perturbation method is capable of providing an order of magnitude
reduction in computational work in these applications.

Based on these results, we conclude that perturbation methods
formulated on these ideas are both accurate and extremely workable
in design environments. They clearly can provide the means for
substantially reducing the computational work required in such
applications. We suggest the further testing of the perturbation
method with the combined BLDOPT code in order to test the limits
of the method in such important preliminary design applications.
Forthermore, we recommend the combination of these same procedures
with supercritical flow solvers so as to accomplish both subcrit-
ical and supercritical blade optimization design.

21






APPENDIX A

USER'S MANUAL FOR COMPUTER PROGRAM BLDOPT

A.l1 INTRODUCTION

The purpose of this appendix is to describe the operation
of the computer code that was developed in conjunction with the
theoretical work presented in this report, and to provide suffi-
cient detail to permit convenient use and change of the program.
The program determines an optimized blade shape, with respect to
certain blade surface geometry parameters (Ref. 16) and based on
TSONIC blade-to-blade flow solutions (Ref. 15), by employing a
modified version of the COPES-CONMIN optimization search program
(Ref. 13). The typically large computational demands of such
optimization procedures caused by the need for numerous blade-to-
blade flow solutions during the optimum search process is sub-
stantially reduced by incorporation of a novel, recently-developed,
rapid, nonlinear, strained-coordinate perturbation method (Refs. 2
and 3) as discussed in the main text.

A description of the general operating procedure of the
combined program is given, together with complete description of
both input and output. The program is written in FORTRAN IV and
has been developed on the Ames Research Center CDC 7600 computer
facility. Approximate program run times for an optimization
problem involving six design variables and 10 optimization search
cycles when not employing or employing the perturbation method
under the various program options are:

CPU Run Time Program Option, IOPT
800 secs. 1 (TSONIC solutions only)
100 secs. 2 (Perturbation method)
180 secs. 3 (1 TSONIC solutions only cycle
followed by perturbation
method)

The storage requirements are 141K8 for small core memory and 77K8
for large core memory.
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A.2 PROGRAM DESCRIPTION

The combined blade optimization program BLDOPT consists of
the following main elements:

Code Element Function
COPES-CONMIN13 Optimization procedure
TSONIC15 Turbomachinery blade-to~-blade

flow solver
BLADE16 Blade geometry description
PERTRB3 Nonlinear perturbation method

The program is configured to perform the optimization of a
blade element as described geometrically in Reference 16. The
optimization is based upon the following design variables which
are geometric parameters describing the blade element:

Design

Variable Program

Number Geometric Parameter Name
1 Blade camber angle at inlet KICR
2 Blade camber angle at outlet KOCR
3 Transition location/chord T
4 Maximum thickness location/chord ZM
5 Inlet/outlet turning rate ratio P
6 Blade maximum thickness/chord TMX
7 Leading edge radius/chord THLE
8 Trailing edge radius/chord THTE

At the user's option, the optimization problem can be specified
to employ any arbitrary combination up to six of the above

design variables. Additionally, the user has the ability to con-
struct readily particular objective functions and side constraints
to be used in new optimization problems. Ease of definition and
implementation of optimization problems with regard to objective
function, side constraints, and design variable bounding were the
primary reasons for selection of the COPES-CONMIN optimization
driver. All information regarding definition of objective func-
tion and side constraints is contained in the subroutine OBJCON.
In the program version listed here, the objective function is
defined as the maximum velocity diffusion on the blade suction
surface, and three side constraints are imposed to maintain (1)
nonzero blade thickness, (2) low velocity diffusion on the blade
pressure surface, and (3) trailing edge closure. Details of how
these constraints are defined are provided in the main text, and
their implementation in the code is straightforward and self-
explanatory when viewing the program listing.
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A.3 PROGRAM FLOW CHART

START
BLDOPT

CALL COPES,
OPTIMIZATION CONTROLLER

CALL STEP TO SET BASE VALUES
AND CALIBRATION PARAMETERS FOR

PERTURBATION METHOD.

REINITIALIZE COPES
VARIABLES

IFLAG = 2

CALL COPES FOR PERTURBATION
METHOD OPTIMIZATION

1

‘ STOP ,

25



26

INPUT C@PES
AND C@NMIN
DATA

ICALC = 2

INPUT AND INITIALIZATION

OPTIMIZATION ANALYSIS

CALL ASSOCIATED C@PES AND C@NMIN
ROUTINES TO PERFORM OPTIMIZATION,
SEE REF.

CALL ANALIZ TO CALCULATE OBJECTIVE
FUNCTION AND CONSTRAINTS.

CALL ANALIZ FOR ANALYSIS
USING OPTIMIZED DESIGN
VARIABLES.

FIAAL ANALYSIS;

PRINT RESULTS



START
ANALIZ

F

(e

INPLT

CONTROL PARAMETERS TSONIC AERODYNAMIC

- DATA FOR BLADE CALCULATIONS CALCULATION
- INITIAL VALUES OF *
OPTIMIZATION DESIGN
VARIABLES

PERTRB WITH ICALL =
2, 3, OR 4

TS@NIC INPUT
' T
PERTRB INPUT IF
IOPT # 1
F

d: OBJECTIVE FUNCTION AND
_ CONSTRAINTS-SUBROUTINE
ICALL = 2 OBJICON

]

RETURN

BLADE CALCULATION

I KPARAM = KPARAM + 1 I

—)

TSONIC AERODYNAMIC
CALCULATION

!

OBJECTIVE FUNCTION
AND CONSTRAINTS-
SUBROUTINE OBJCON

i

< RETURN >
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T

JCALL = JCALL + 1

RETURN

[FINAL NON-LINEAR SOLUTION:
CALL TSONIC
CALL OBJCON

RETURN

CALL PERTRB TO COMPARE
AERODYNAMIC AND PERTURBATION
SOLUTIONS

RETURN



A.4 DICTIONARY OF INPUT VARIABLES
This section provides a dictionary of all input variables.

The variables are divided into four sections corresponding to
the four major parts of the program (see A.2).

A.4.1 Dictionary of Input Variables
for Subroutine COPES (Ref. 13)
All COPES variables are defined in Section A.5.3.
A.4.2 Dictionary of Input Variables
for Subroutine ANALIZ

ALP Blade-element layout-cone half angle, degrees; see
Reference 16.

DVCALB(I) Array of dimension NDV, specifying the calibration
parameters used in the perturbation method

optimization
ICALB Integer parameter which controls input of the array
DVCALB:
ICAILB = 0, do not input DVCALB
ICAILB = 1, input DVCALB
IDV(T) Array of integers, of dimension NDV, which is used
to select a subset of variable blade parameters as
design variables in the optimization. If IDV(I) = K,

the Ith design variable is VV(K).

IOPT Integer parameter which controls which method of
analysis is to be used in optimization:

IOPT 1, nonlinear aerodynamic solution

IOPT = 2, perturbation method
IOPT = 3, nonlinear optimization for one iter-
ation to predict calibration stepsizes,
followed by perturbation method.
ITMAX3 Maximum number of optimization iterations allowed for

the perturbation solution when IOPT = 3. Not used if
IOPT = 1 or 2.

KICR Centerline blade inlet angle on layout cone, degrees;
see Reference 16.

KOCR Centerline blade outlet angle on layout cone, degrees;
: see Reference 16.
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NB

NCN

NDV

PSTEP

SOLID

THLE

THTE

TMX

VNAME (I)

VvV (I)

zM

30

Number of blades

Number of constraint sets in the optimization prob-
lem; this wvalue must be the same as that for NCONS
in COPES input. NCN < 5.

Number of independent design variables used in the
optimization problem. This value must be the same
as NDV in COPES input. NDV < 8.

Ratio of inlet-segment turning ratio to outlet-~segment
turning rate for a blade element; see Reference 16.

Constant-value calibration stepsize, which may be used
in the perturbation method optimization. If ICALB = 0,
the value of the Ktk calibration parameter

DVCAIB (K) = (1.+PSTEP)*QO0(K), where QO(K) is the value
of the Ktk base solution parameter.

Inlet radius, length unit; see Reference 16.

Blade tip solidity (chord/circumferential spacing);
see Reference 16.

Blade centerline transition point location, made non-
dimensional by the chord; see Reference 16.

Blade-element leading-edge circle radius, made non-
dimensional by the chord; see Reference 16.

Blade-element trailing-edge circle radius, made non-
dimensional by the chord; see Reference 16.

Blade-element maximum thickness, made non-dimensional
by the chord; see Reference 16.

Array of dimension NDV, containing l0-character
strings which identify, for printed output, the inde-
pendent design variables used in optimization.

Array of dimension 8 which is equivalent to the list
of input variable blade parameters:

Vv (l) = KICR vVv(5) =P

VvV (2) = KOCR VV(6) = TMX
vV(3) =T Vv(7) = THLE
vv(4) = ZM Vv (8) = THTE

Blade centerline maximum thickness location, made
non-dimensional by the chord; see Reference 16.



A.4.3 Dictionary of Input Variables
for Subroutine TSONIC

This section presents definitions of the input variables
required for the TSONIC flow analysis. For a complete descrip-
tion of the variables and their usage see Reference 15.

AR

BESP

BETAI

BETAO

DENTOL

FSMI

FSMO

GAM

LAMBDA

LOPT

LRVB

Gas constant, J/(kg) (K)

Array of stream-channel normal thicknesses corres-
ponding to the MR and RMSP arrays, meters, see
Figure 12, Reference 15.

Inlet flow angle Ble along BG with respect to

m-direction, deg, see Figure 11, Reference 15.

Outlet flow angle Bte along CF with respect to

m-direction, deg, see Figure 11, Reference 15.

Tolerance on density change per iteration for reduced
weight flow (DENTOL may be left blank, and the value
0.01 will be used. If trouble is experienced in
obtaining convergence (i.e., the maximum relative
change in density (Item 14 of output, Ref. 15) does
not get small enough, then a larger value of DENTOL
may be used, or a smaller value of REDFAC may be used.
(The value of 0.001 for DENTOL would be a tight toler-
ance, 0.01 is a medium tolerance, and 0.1 would be a
loose tolerance.)

m-coordinate corresponding to BETAI (it is assumed
that FSMI < 0); if not specified, FSMI = 0.

m-coordinate corresponding to BETAO (it is assumed
that FSMO > chord); if not specified, FSMO = chord.

Specific heat ratio
Upstream whirl, rVe, metersz/sec.

Integer variable which controls input of PLOSS array:

LOPT
LoPrT

0, PLOSS array is not given as input
1, read in PLOSS array

Integer variable which controls input:

LRVB 0, BETAI and BETAQO are input
LRVB 1, LAMBDA and RVTHO are input

Number of vertical mesh lines from AH to BG inclusive,
see Figure 13, Reference 15.
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MOPT

MR

NBBI

NBL

MRSP

OMEGA

ORF

PLOSS
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Number of vertical mesh lines from AH to CF inclusive,
see Figure 13, Reference 15.

Total number of vertical mesh lines in m-direction
from AH to DE, maximum of 100, see Figure 13,
Reference 15.

Integer control variable:

MOPT

0, use only when REDFAC = 1, no correction
is made to the BESP array for the
.reduced mass flow solution.

1, read in the WOWCR array to use for cal-
culating the reduced mass flow BESP
array.

2, the reduced BESP array will be calcu-
lated by the program using average
blade angles and using SSM1 and SSM2
values to determine whether flow is
subsonic or supersonic.

MOPT

MOPT

Array of m-coordinates of spline points for stream-
channel radii and stream~channel thickness, meters,
see Figqure 12, Reference 15 (MR is measured from the
leading edge of the blade. These coordinates should
cover the entire distance from AH to DE, and may
extend beyond these bounds. The total number of
points is NRSP.).

Number of mesh spaces in 6~-direction between AB and
GH, maximum of 50, see Figure 13, Reference 15.

Number of blades.

Number of spline points for stream~-channel radius
(RMSP) and thickness (BESP) coordinates, maximum of
50, see Figure 12, Reference 15.

Rotational speed, w, rad/sec {(note that w is negative
if rotation is in the opposite direction of that
shown in Fig. 12, Ref. 15).

Value of overrelaxation factor to be used in the
solution of the inner iteration simultaneous equa-
tions (if ORF = 0, the program calculates an estimated
value for the overrelaxation factor. See page 25,
Ref. 15 for discussion.).

L
array of fractional total pressure loss, 1 - _TE___,

corresponding to the MR, RMSP, and BESP arrays%deal



REDFAC Factor by which weight flow (WTFL) must be reduced
in order to assure subsonic flow throughout passage
(REDFAC is usually between 0.5 and 0.9)..

RHOIP Inlet stagnation density, kg/meter3

RMSP Array of r-coordinates of spline points for the
stream-channel radii, corresponding to the MR array,
meters, see Figure 12, Reference 15.

RVTHO Downstream whirl, (rVr)o, metersz/sec.

SPLNO(1), Number of blade spline points given for each surface

SPLNO(2) as input, maximum of 50 [these include the first and
last points (dummies) that are tangent to the leading-
and trailing-edge radii (Fig. 11, Ref. 15)].

SsM1 m-coordinate where supersonic solution is to start.

SSM2 m-coordinate where supersonic solution is to end.
(Note: If SSM1 and SSM2 are both left blank, there
will be no supersonic region).

TIP Inlet stagnation temperature, K

WOWCR Array of W/Wcr values at mid-channel, corresponding

to the MR, RMSP, and BESP arrays. Used to calculate
the reduced mass flow BESP array.

WTFL Mass flow per blade for stream channel, kg/sec.

The remaining variables, starting with BLDAT, are used to indicate
what output is desired. A value of 0 for any of these variables
will cause the output associated with that wvariable to be omitted.
A value of 1 will cause the corresponding output to be printed

for the final iteration only; 2, for the first and final itera-
tions; and 3, for all iterations. Case should be used not to

call for more output than is really useful. The following list
gives the output associated with each of these variables:

BLDAT All geometrical information which does not change
from iteration to iteration (i.e., coordinates and
first and second derivatives of all blade surface
spline points; blade coordinates, blade slopes, and
blade curvatures where vertical mesh lines meet each
blade surface; radii and stream-channel thickness
corresponding to each vertical mesh line; m-coordinate,
stream-channel radius and thickness, and blade surface
angles and slopes where horizontal mesh lines inter-
sect each blade; and ITV and IV arrays, internal
variables describing the location of the blade sur-
faces with respect to the finite difference grid).
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AANDK

ERSOR

STRFN

SLCRD

INTVL

SURVL

Coefficient array, constant vector, and indexes of
all adjacent points for each point in finite-
difference mesh (this information is needed for de-
bugging the program only).

Maximum change in stream function at any point for
each iteration of SOR equation [Eq. (A8), Ref. 17].

Value of stream function at each unknown mesh point
in region.

Streamline 0-cordinates at each vertical mesh line,
and streamline plot.

Velocity and flow angle at each interior mesh point
for both reduced and actual weight flow.

m-coordinate, surface velocity, flow angle, distance
along surface, and W/Wcr based on meridional velocity

components where each vertical mesh line meets each
blade surface; m-coordinate, surface velocity, flow
angle, distance along surface, and W/Wcr based on

tangential velocity components where each horizontal
mesh line meets each blade surface, plot of blade
surface velocities against meridional streamline
distance, meters.

A.4.4 Dictionary of Input Variables
for Subroutine PERTRB

This section presents definitions of the input variables
required for the perturbation method. For a complete description
of the variables and their usage see Reference 3.

A

LPLOT

34

Scaling parameter in straining procedure. A = -x(1),
where x(1l) 1s x-location of first data point on lower
surface (see PROGRAM DESCRIPTION, Ref. 3).

Scaling parameter in straining procedure. B = -x(N),
where x(N) 1is location of last data point on upper
surface (see PROGRAM DESCRIPTION, Ref. 3).

Specifies whether or not an additional plot by a
peripheral device is to be made. Software must be
supplied by user in subroutine DRVPLT.

LPLOT
LPLOT

0 ... no peripheral plot
1l ... peripheral plot



LSELCT(I)

LUNIT

NSELCT

PARNAM (K)

TITLE

VNAM

Array of length 6 of which NSELCT elements are read
in; specifies nature of points to be held invariant
according to the code:

... minimum point held invariant
.». maximum point held invariant
1st critical point held invariant
... 2nd critical point held invariant
... 3rd critical point held invariant
««. 4th critical point held invariant

AU WM
L]
L]
.

Note that critical point ordering is determined from
order of occurrence starting at the lower surface at
the point furthest from the leading edge and proceed-
ing clockwise around the surface (see PROGRAM
DESCRIPTION, Ref. 3).

Note that the code numbers can be assigned in any
order, e.g., :

LSELCT(1) =1 LSELCT (1) = 4
LSELCT(2) = 3 and LSELCT(2) =1
LSELCT(3) = 4 LSELCT(3) = 3

Are equivalent, both corresponding to NSELCT = 3,
with the minimum, and first and second critical
points held invariant.

Controls whether or not unit coordinate strainings
and unit perturbation(s) are printed.

LUNIT =
LUNIT =

0 ... no output
1l ... output

Number of points (in addition to end points) to be
held invariant in straining; note: 1 < NSELCT < 6.

Array of 8-character strings which identify the
parameters varied. NPARAM element of the array are
read in.

Character string of length 80; identifies job. First
nine characters are used to identify peripheral plot.

Character string of length 2 which symbolizes de-

pendent variables, e.g., "CP" for pressure
coefficient.

35



A.5 PREPARATION OF INPUT DATA
This section describes the preparation of the card input
data for the program. A description of each input item is pre-
sented, followed by a description of the card format.

A.5.1 Description of Input

The data are divided into four sections corresponding to the
four major parts of the program.

A.5.1.1 COPES Input

Item 1.1 To end of COPES input. Input for the COPES optimiza-
tion control subroutines is described in Section A.5.3.
The user should take particular note of variable
ITMAX in Block C and the array X in Block R. If
IOPT = 3, ITMAX should be set equal to 1, and all
values of the array X should be set to zero.

A.5.1.2 ANALIZ Input

Item 2.1 One card, containing text which identifies the ANALIZ
input block; may contain up to 80 characters.

Item 2.2 One card, containing the control parameters IOPT, NDV,
NCN, ITMAX3.

Item 2.3 One card, containing the constant blade parameters NB,
R, ALP, and SOLID.

ITtem 2.4 One card, containing the variable blade parameters
KICR, KOCR, T, ZM, P, TMX, THLE, THTE. The initial
values of the design variables used in optimization
are contained in this set.

Item 2.5 One card, containing the character strings
VNAME(I), I = 1, NDV.

Item 2.6 One card, containing the integer array IDV(I), I = 1,
NDV.

Item 2.7 One card, containing parameters ICALB and PSTEP.

Item 2.9 One card, optional, containing perturbation parameters.
DVCALB(I), I = 1, NDV. Omit this item if ICALB = 0.

A.5.1.3 TSONIC Input

Item 3.1 One card, containing text identifying the TSONIC
input block; may contain up to 80 characters.
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Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

Item

3.2

3.3

3.4

3.5

3.12

3.13

3.14

|
One card, containing values for GAM, AR, TIP, RHOIP,
WTFL, OMEGA, and ORF.

One card, containing values for geometric parameters
BETAI, BETAO, FSMI, and FSMO.

Optional: LAMBDA and RVTHO may be specified
instead of BETAI and BETAO. In this
case, specify LRVB = 1, FSMI and
FSMO are not needed.

One card, containing values for REDFAC, DENTOL, SSM1,
SsM2.

One card, containing integral MBI, MBO, MM, NBBI,
NBL, NRSP, MOPT, LOPT, LRVB.

One card, containing SPLNO(1l).
One card, containing SPLNO(2).

Set of cards, eight values per card, containing array
MR(I), I = 1, NRSP.

Set of cards, eight values per card, containing array
RMSP(I), I = 1, NRSP.

Set of cards, eight values per card, containing array
BESP(I), I = 1, NRSP.

Set of cards, optional, eight values per card, contain-
ing array WOWCR(I), I = 1, NRSP. This item is required
only when MOPT = 1.

Set of cards, optional, eight values per card, contain-
array PLOSS(I), I = 1, MRSP. Omit this item if
LOPT = 0.

One card, containing the integer print control vari-
ables BLDAT, AANDK, ERSOR, STRFN, SLCRD, INTVL, and
survl.

One card, containing the character string $END in
columns 1-4. This identifies the end of TSONIC input.

A.5.1.4 PERTRB Input

4.1

4.2

One card of text, identifying the PERTRB input block.
This item may contain up to 80 characters.

One card, containing TITLE for job identification.
This item may contain up to 80 characters. The first
9 characters are used to identify peripheral plot, if
LPLOT = 1.
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Item

Item

Item

Item

Item
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4.3

One

card, containing the integer control parameters

NSELCT, LUNIT, and LPLOT.

One

card, containing NSELCT values of the integer

array LSELCT.

One

One
I =

One

card, containing the character string VNAM.

card, containing the character strings PARNAM(I),
1, NDV.

card, containing the scaling parameters A and B.
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A.5.2 Format of Input Data

A.5.2. Format of Input Data

Item 1.1 - end of COPES input

see Section A.5.3

Item no.2.1 1 card (8Al0)
Variable Text
Card column 80
Format type A
Item no.2.2 1 card (101I5)
Variable I@PT NDV NCN ITMAX3
Card column 5 10 15 20
Format type I I I I
Item no.2.3 1 card (I110,3F10.6)
Variable NB R ALP S@LID
Card column 14 20 30 40

1 F F P
Item no. 2.4 1 card (8F10.0)
Variable KICR KJCR T M P TMX THLE THTE
Card column 10 20) 30 40 50 60 70 80
Format type F F F F F F F F
Item no. 2.5 1 card (8Al10)
Variable VNAME (1) |[VNAME (2) = VINAME (ND
Card column 10 20 30 40 50, 60 70 80
Format type A A A A A A A A
Item no. 2.6 1 card (1l01I5)
Variable IDV (1) IDV(2) -—4--- IDV (NDV)
Card column 5 10 15 20 25 30 35 40
Format type I I I I I I I I




ov

Item no. 2.
Variable

Card column
Format type

Item no. 2.

Variable

Card column
Format type

Item no. 3.
Variable

Card column
Format type

Item no. 3.

Variable
Card column
Format type

Item no. 3

Variable
Card column
Format type

Item no. 3.

Variable
Card column

Format type

7

8

1

2

.3

4

1l card

(Il0,

ICALB

PSTEP

10 20

3F10.6)

1l card (8F10} Read only when ICALB net zero,
DVCALB (1) ]DVCALB (2) ~— DVCALB (NDY)
10 20 30 40 50 60 70 80
F F F F F F F F
1 card (8Al0)
Text
80
A
1 card (BF10,5)
GAM AR TIP HYEIP WTEL IMEGA gRFE
10 20 30 40 50 60 70 80
F F F F F F F F
1 card (8F10.5)
BETAI BETAQ FSMI FSMJ
1 20 30 40 50 60
F F F K F F
1 card (8F10.5)
REDFAC DENTQL SSM1 SSM2
[¢ 2 30
F F F F
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Item no. 3.5
Variable

Card column
Format type

Item no. 3.6
Variable

Card column
Format type

Item no. 3.7
Variable

Card column
Format type

Item no. 3.8
Variable

Card column
Format type

Item no. 3.9
Variable

Card column
Format type

Item no.3.10
Variable

Card column
Format type

1 card (161I5)
MBI MB@ MM NBBI1 NBL NRSP | M@PT LEPT LRVB
5 10 15 20 25 30 35 40 45 50 55
I I I I 1 1 I I I I I
1l card (8F10.5)
SPLN{ (1)
10 20 30 40 50
F
1 card (8F10.5)
SPLNZ (2)
10 20 30 40 50
F
J cards, J=INT((NRSP-1)/8)+1, 8 values per card (8F10.5)
MR (1) MR (2) e MR (NRSP)
10 20 30 40 50 60 70 80
F F F F F F F F
J cards, J as above, 8 values per card (8F10.5)
RMSP (1) RMSP (2) ————=——- RMSP (NRSP)
10 20 30 40 50 60 70 80
F F F F F F F F
J cards, J as above, 8 values per card (8F10.5)
BESP (1) BESP(2) —— === BESP (NRSH
10 20 30 40 50| 60 70 80
F F F F F F F F
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Item no.3.11
Variable

Card column
Format type

Item no.3.12
Variable
Card column

Format type

Item no.3.13
Variable
Card column
Format type

Item no.3.14
Variable

Card column
Format type

Item no. 4.1

Variable
Card column
Format type

Item no. 4.2
Variable

Card column
Format type

~ (If MgPT=1) J cards, J as above,8 values per card (8F10.5)

WEWCR (1) WIWCR (2) ————f—— NIWCR (NRSP)
10 20 30 40 50 60 70 80
F F F F F F F
#£0) J car J as above, 8 values per card (8Fl0.5)
| pL@SS (1) LASS (2 - PL.YSS (NRSP)
10 20 30 40 50 6( 70 80
E E F F F F F
1 card (1615)
BLDAT IAANDK ERSER STRFN SLCRD INTVL SURVL
5 104 15 20 25 30 35
I I I I I I I
1 card (8Al0)
SEND
19
A
1 card (8al10)
TEXT
80
A
1 card (8Al0)
TITLE
80
A
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Item no. 4.
Variable

Card column
Format type

Item no. 4.
Variable

Card column
Format type

Item no. 4.
Variable

Card column
Format type

Item no. 4.
Variable
Card column

Format type

Item no. 4.
Variable

Card column
Format type

3

4

5

6

7

1 card (16I5)
NSELCT LUNIT LPLJT
5 14 15
1 I I
1 card (1l61I5)
LSELCT (1) |LSELCT (2] ---—------ TSELCT (NJRELTTY
5 10 15 24 25 30, 35 4&
I I I 1 1 1 1
1 card (2Al)
VNAM
2
A
1 card (10A8)
[PARNAM(1) | PARNAM(2 -—=3---- PARNAM (NIV)
8 16 24 19 40 48 56 64
A A A A A
1 card (8F10.6)
A B
10 20
F F
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A.5.3 Format of COPES Input Data.

DATA BLOCK A

DESCRIPTION: Title card.

FORMAT AND EXAMPLE

1 2 3 4 )

8

FORMAT

TITLE

20A4

CANTILEVERED BEAM DESIGN

FIELD CONTENTS
1-8 Any 80 character title may be given on this card.
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DATA BLOCK B

DESCRIPTION: Program Control Paramcters.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 FORMAT
NCALC NDV NSV N2ZVAR NXAPRX IPNPUT IPDBG 7110
2 3 5 2 0 0
FIELD CONTENTS
1 NCALC: Calculation Control
0 - Read input and stop. Data of blocks A, B and V is required. Remaining
data is optional.
1 - One cycle through program. The same as executing ANALIZ stand-alone.
Data of blocks A, B and V is required. Remaining data is optional.
2 - Optimization. Data of blocks A-I and V is required. Remaining data
is optional.
3 - Sensitivity analysis. Data of blocks A, B, P, Q and V is required.
Remaining data is optional.
4 - Two variable function space. Data of blocks A, B, and R-V is required.

Remaining data is optional,
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FIELD

1 - cont.

NCALC:
5 -

CONTENTS

Optimum Sensitivity. Data of blocks A-K and V is required. Remaining
data is optional.

Optimization using approximation techniques. Data of blocks A-0 and V
is required. Remaining data is optional.

Number of independent design variables in optimization.

Number of variables on which sensitivity analysis will be performed.
Number of objective functions in a two variable function space study.
Number of X-variables for approximate analysis/optimization.

Input print control.

Print card images of data plus formatted print of input data.
Formatted print only of input data.

No print of input data.

Debug print control.



LY

DATA BLOCK _C OMIT IF NDV = 0 IN BLOCK B

NESCRIPTION: Integer optimization control parameters.

FORMAT AND EXAMPLE

1 2 3 4 3 6 7 8 FORMAT
IPRINT ITMAX ICNDIR NSCAL ITRM LINOBJ NACMX1 NFDG 8110
5 0 0 0 0 0 0 0

FIELD CONTENTS
1 IPRINT: Print control used in the optimization program CONMIN.

0 -~ No print during optimization.

1 -~ Print initial and final optimization information.

2 - Print above plus objective function value and design variable values
at each iteration.

3 - Print above plus constraint values, direction vector and move parameter
at each iteration.

4 - Print above plus gradient information.

5 ~ Print above plus each proposed design vector, objective function and

constraint values during the one-~dimensional search.
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FIELD CONTENTS
2 ITMAX: Maximum number of optimization iterations allowed. DEFAULT = 20,
3 ICNDIR: Conjugate direction restart parameter, DEFAULT = NDV + 1,
4 NSCAL; Scaling parameter. GT.0 - Scale design variables to order of magnitude

one every NSCAL iterations. LT.0 - Scal design variables according to

user-input scaling values.

5 ITRM: Number of consecutive {terations which must satisfy relative or absolute

convergence criterion before optimization process is terminated. DEFAULT = 3.

6 LINOBJ: Linear objective function identifier. If the optimization objective is known

to be a linear function of the design variables, set LINOBJ = 1,

DEFAULT = Non-~linear.

NACMX1; One plus the maximum number of active constraints anticipated. DEFAULT = NDV + 2,

8 NFDG: Finite difference gradient identifier,.
0 - All gradient information is computed by finite difference within CONMIN.
1 - All gradient information is computed analytically by the user-supplied code.
2 - Gradient of objective is computed analytically. Gradients of constraints are

computed by finite difference within CONMIN.

REMARKS
1) Currently NFDG must be zero in COPES,



DATA BLOCK

D  OMIT

IF NDV = 0 IN BLOCK B

DESCRIPTION:

FORMAT AND EXAMPLE

Floating point optimlzation program parameters.

6V

1 2 3 b 5 6 7 FORMAT
FDci FDCIM CT CTMIN CTL CTLMIN THETA 7T10
0.0 0.0 0.0 0.0 0.0 0.0 0.0

DELFUN DABFUN ALPHAX ABOBJ1 4F10
0.0 0.0 0.0 0.0
NOTE: TWO CARDS ARE READ HERE.
FIELD CONTENTS
1 FDCH: Relative change 1in design variables 1in calculating finite difference
gradients. DEFAULT = 0.01.
2 FDCHM: Minimum absolute step in finite difference gradient calculations.

DEFAULT = 0.001.
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FIELD CONTENTS
3 CT: Constraint thickness parameter. DEFAULT = -0.05.
4 CTMIN; Minimum absolute value of CT considered in the optimization process.

DEFAULT = 0.004.
CTL: Constraint thickness parameter for linear constraints. DEFAULT = -0.01,

6 CTLMIN: Minimum absolute value of CIL considered in the optimization process.
DEFAULT = 0.001.

7 THETA: Mean value of push-off factor in the method of feasible directions.
DEFAULT = 1.0.

1 DELFUN: Minimum relative change in objective function to indicate convergence of
the optimization process. DEFAULT = 0.001.

2 DABFUN: Minimum absolute change in objective function to indicate convergence of
the optimization process. DEFAULT = 0.00l times the initial objective value.

3 ALPHAX: Maximum fractional change in any any design variable for first estimate of
the step.in the one-dimensional search. DEFAULT = 0.1,

4 ABOBJ1: Expected fractional change in the objective function for first estimate of
the step in the one-dimensional search. DEFAULT = 0.1.

REMARKS
1) The DEFAULT values for these parameters usually work well.
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DATA BLOCK _E

OMIT IF NDV = O IN BLOCK B

DESCRIPTION: Total number of design variables, design objective identification and sign.

FORMAT AND EXAMPLE

1 2 3 FORMAT
NDVTOT 10BJ SGNOPT 2110,F10
Oi 3] -1.0
FIELD CONTENTS
1 NDVIOT: Total number of variables linked to the design variables. This option
allows two or more parameters to be assigned to a single design variable.
The value of each parameter is the value of the design variable times a
multiplier, which may be different for each parameter. DEFAULT = NDV.
I0BJ: Global variable location associated with the objective function in optimization.
SGNOPT: Sign used to identify whether function is to be maximized or minimized.

+1.0 indicates maximization. =1.0 indicates minimization. If SGNOPT is

not unity in magnitude, it acts as a multiplier as well, to scale the magnitude
of the objective.
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DATA BLOCK F  OMIT IF NDV = 0 IN BLOCK B

DESCRIPTION: Design variable bounds, initial values and scaling factors.

FORMAT AND EXAMPLE

1 2 3 4 FORMAT
VLB VUB X SCAL 4F10
«5 5 0.0 0.0

NOTE: READ ONE CARD FOR EACH OF THE NDV INDEPENDENT DESIGN VARIABLES.

FIELD CONTENTS
1 VLB: Lower bound on the design variable. 1If VLB.LT.~1.0E+15, no lower bound.
2 VUB: Upper bound on the design variable. If VUB.GT.10.E+15, no upper bound.
3 X: Initial value of the design variable. If X is non-zero, this will

supercede the value initialized by the user-supplied subroutine ANALIZ.
4 SCAL: Design variable scale factor. Not used if NSCAL.GE.O in BLOCK C.
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DATA BLOCK G OMIT IF NDV = 0 IN BLOCK B

DESCRIPTION: Design variable identification.

FORMAT AND EXAMPLE

1 2 3 FORMAT
NDSGN IDSGN AMULT -} 2110,F10
1 1 1.0
NOTE:

READ ONE CARD FOR EACH OF THE NDVIOT DESIGN VARIABLES.

FIELD

CONTENTS
1 NDSGN: Design variable number assoclated with this variable.
2 IDSGN: Global variable number associated with this variable.
3 AMULT:

Constant multiplier on this variable, The value of the variable will be

the value of the design variable, NDSGN, times AMULT. DEFAULT = 1.0.
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DATA BLOCK H  OMIT IF NDV = Q IN BLOCK B

DE

SCRIPTION: Number of constrained parameters.

FORMAT AND EXAMPLE

1 FORMAT
NCONS I10
4
FIELD CONTENTS
1 NCONS: Number of constraint sets in the optimization problem.
REMARKS

1)

If two or more adjacent parameters in the global common block have the same limits

imposed, these are part of the same constraint set.
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DATA BLOCK I  OMIT IF NDV = 0 IN BLOCK B, OR NCONS = 0 IN BLOCK H

DESCRIPTION: Constraint identification and constraint bounds.

FORMAT AND EXAMPLE

1 2 3 4 FORMAT
ICON JCON LCON 3110
4 0 U
BL SCAL1 BU SCAL2
-1.0 +20f 0.0 20000. 0.0 _ ‘I

NOTE: READ TWO CARDS FOR EACH OF THE NCONS CONSTRAINT SEIS.

FIELD CONTENTS
1 ICON: First global number corresponding to the constraint set.
2 ICON: Last global number corresponding to the constraint set. DEFAULT = ICON.
3 LCON: Linear constraint identifier for this constraint set. LCON = 1 indicates

linear constraints.
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FIELD CONTENTS
1 BL: Lower bhound on the constrained variables. If BL.LT.-1.0E+15, no lower bound.
2 SCAL1: Normalization factor on lower bound. DEFAULT = MAX of ABS(BL), 0.1.
3 BU: Upper bound on the constrained variables. If BU.GT.l.0E+1l5, no upper bound.
4 SCAL2: Normalization factor on upper bound. DEFAULT = MAX of ABS(BU), 0.1.
REMARKS
1) The normalization factor should usually be defaulted.
2) The constraint functions sent to CONMIN are of the form;
(BL - VALUE)/SCAL1 .LE. 0.0 and (VALUE -~ BU)/SCAL2 .LE. 0.0.
3} Each constrained paramcter is converted to two constraints in CONMIN unless ABS(BL) or

ABS(BU) exceeds 1.0E+15, in which case no constraint is created for that bound,.
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DATA BLOCK J OMIT IF NXAPRX = 0 IN BLOCK B

DESCRIPTION:

FORMAT AND EXAMPLE

Approximate analysis/optimization control parameters.

1 2 3 4 5 6 7 8 FORMAT
NF NXS NXFS NXA INOM ISCRX ISCRXF IPAPRX 8110

1

KMIN KMAX NPMAX JNOM INXLOC INFLOC 6110
0

FIELD CONTENTS

1 NF: Number of functions to be approximated. Default = number of optimization

2 NXS: Number of X-vectors read as data. objective and constraint functions.

3 NXFS: Number of X-F pairs read as data.

4 NXA: I1f non-zero, the design variables read by SUBROUTINE ANALIZ form an
X-vector.

5 INOM: Nominal X-vector. Dcfault =bost available.
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FIELD CONTENTS

6 ISCRX: File from which NXS X-vectors are read. Default = 5.

7 ISCRXF: File from which NXFS X-F pairs of data are read. Default = 5,

1 KMIN:  Minimum number of approximation iterations.

2 KMAX:  Maximum number of approximation iterations.

3 NPMAX: Maximum number of designs retained for Tayler series expansion.

4 JNOM:  Number of itcrations aftcr which the best design is picked as nominal.

5 INXLOC: X-variablec global location identifier. If INXLOC = 0, the Tayler series
cxpansion is on the design variables listed in BLOCK G.

6 INFLOC: Function global location identifier. If INFLOC = 0, the Objective and
constraint functions identified in BLOCKS E and I are the functions on which
the Tayler series expansion is performed.

REMARKS
1) If ISCRX and/or ISCRXF file number is other than 5, the data read from that file

2)

is assumed to be binary data.

If NXS = NXFS = 0, NXA is defaulted to NXA = 1, cven is it is read as zero. Also, a second
vector of design variables is automatically defined by COPES to yield two independent
designs to start the optimization.
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DATA BLOCK

K OMIT IF NDV = 0 IN BLOCK B, OR NXAPRX = 0 IN BLOCK B

DESCRIPTION:

FORMAT AND EXAMPLE

Bounds and multipliers for approximate optimization.

1 2 3 4 5 6 7 8 FORMAT
DX1 DX2 DX3 DX4 DX5 N N cos 8F10
5 2.
XFACT1 XFACT2 2F10
0. 0.

NOTE: TWO OR MORE CARDS ARE READ HERE.

FIELD

1

2

DXI:

XFACT1:

XFACT2:

Allowable change (in magnitude) of the Ith design variable during cach
approximate optimization. '

Multiplier on DXI when the diagonal elements of the H matrix are
available. Default = 1.5.

Multiplicr on DXI when all elements of the H matrix are available.
Default = 2.0,
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DATA BLOCK L OMIT IF NXAPRX = 0 IN BLOCK B OR INXLOC = 0 IN BLOCK J

DESCRIPTION: Global locations of approximating variables.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORMAT

LOCX1 LOCX2 LOCX3 LOCX4 | ... | ceeee | aee.. cevee 8110

NOTE: MORE THAN ONE CARD MAY BE READ HERE.

FIELD CONTENTS
1-8 LOCI: Global location of Ith approximating variable.
REMARKS

1) If INXLOC = 0 in BLOCK J, this data is not read. 1In this case, the data is defaulted
to be the global locations of the design variables (IDSGN values in BLOCK G).
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DATA BLOCK M

OMIT IF NXAPRX = 0 IN BLOCK B OR INFLOC = 0 IN BLOCK J

DESCRIPTION: Global locations of functions to be approximated.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORMAT
LOCF1 LOCT2 LOCF3 LOCF4 | ...vv | eeees ] vevee ] eiaas 8110
3 5
NOTE: MORE THAN ONE CARD MAY BE READ HERE.
FIELD CONTENTS
1-8 LOCI: Global location of Ith function to be approximated.
REMARKS

1) If INFLOC = 0 in BLOCK J, this data is not read.

In this case, the data is defaulted

to be the global locations of the objective function (IOBJ in BLOCK E) followed by the
global locations of the constrained parameters (ICON, JCON in BLOCK I).
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DATA BLOCK N  OMIT IF NXS = 0 IN BLOCK J

DESCRIPTION: X-Vectors for approximate optimization.

FORMAT AND EXAMPLE

1 2 3 4 5 6

8

FORMAT

XI1 XI2 XI3 XI4

8F10

NOTE: NXS SETS OF DATA ARE READ HERE.

NOTE: MORE THAN ONE CARD MAY BE READ FOR EACH SET OF DATA.

FIELD CONTENTS
1-8 XIJ: Jth value of Ith X-vector, J = 1,NXAPRX.
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DATA BLOCK O  OMIT IF NXFS = 0 IN BLOCK J

DESCRIPTION: X-F pairs of information for approximate optimization.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORMAT
X1 X2 X3 X4 8F10
2. 18.
Y1 Y2 Y3 Y4 Y5
7200. 416.667 .914495 ]18518.519

NOTE: NXFS SETS OF DATA ARE READ HERE.
NOTE: MORE THAN ONE CARD MAY BE REQUIRED FOR XI OR YI.
NOTE: NXAPRX VALUES OF X AND NF VALUES OF Y ARE READ FOR EACH SET OF DATA.

FIELD CONTENTS
1-8 XI: Ith value of X, I = 1,NXAPRX.
1-8 YI: Ith value of Y, I = 1,NF.
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DATA BL

OCK P

OMIT IF NSV = 0 IN BLOCK B

DESCRIP

TION:

Sensitivity objectives.

FORMAT AND EXAMPLE

1) More than eight sensitivity objectives are allowed.

cont

ain data.

1 2 3 4 5 6 7 8 FORMAT
NSOBJ IPSENS 2110
5 0
NSN1 NSN2 NSN3 NSN4 NSN5 BI10
3 4 5 6 7
NOTE: TWO OR MORE CARDS ARE READ HERE.
FIELD CONTENTS
1 NSOBJ: Number of seperate objective functions to be calculated as functions of
the sensitivity variables.
2 IPSENS: Print control, If IPSENS.GT.0, detailed print will be called at each
step in the sensitivity analysis. DEFAULT = No print.
1-8 NSNI: Global variable number associated with the sensitivity objective
functions.
REMARKS

Add data cards as required to
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DATA BLOCK

Q OMIT IF NSV = 0 IN BLOCK B

DESCRIPTION:

Sensitivity variables.

FORMAT AND EXAMPLE

1 2 3 4 3 8 FORMAT
ISENS NSENS 2110
4
SNS1 SNS2 SNS3 SNS4 .o ceee 8rio
200. 100. 150. 250.
NOTE: READ ONE SET OF DATA FOR EACH OF THE NSV SENSITIVITY VARIABLES.
NOTE: TWO OR MORE CARDS ARE READ FOR EACH SET OF DATA.
FIELD CONTENTS
1 ISENS: Global variable number associated with the sensitivity varilable.
2 NSENS: Number of values of this sensitivity variable to be read on the next card.
1-8 SENSI; Values of the sensitivity variable. I = 1,NSENS. I = 1 corresponds to

the nominal value.

REMARKS
1) More than eight values of the sensitivity variable are allowed. Add data cards as

required to contain the data.
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DATA BLOCK

R OMIT IF N2VAR = 0 IN BLOCK B

DESCRIPTION: Two

variable function space control parameters.

FORMAT AND EXAMPLE

1 2 3 4 5 FORMAT
N2VX M2VX N2VY MzvY IP2VAR 5110
1 4 2 5 0
FIELD CONTENTS

1 N2VX: Global location of the X-variable in the two variable function space.

2 M2VX: Number of values of X to be considered.

3 N2VY: Global location of the Y-variable in the two variable function space.

4 M2VY: Number of values of Y to be considered.

5 IP2VAR: Print control. If IP2VAR.GT.O, detailed print will be called at each

step (each X-Y combination). DEFAULT = No print.




L9

DATA BLOCK S OMIT IF N2VAR = 0 IN BLOCK B

DESCRIPTION: Objective functions of the two variable function space study.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORMAT
NZ1 NZ2 NZ3 NZ4 NZ5 e e c e 8110
3 4 5 6 7
FIELD CONTENTS
1-8 NZI: Global location corresponding to the Ith function of X and Y to be

calculated. NZVAR values are read here.

REMARKS

1) More than eight objective functions are allowed. Add data cards as required to contain

the data.
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DATA BLOCK T OMIT IF N2VAR = Q0 IN BLOCK B

DESCRIPTION: Values of the X-variable in a two variable function space study.

FORMAT AND EXAMPLE

1 2 3 4 8 FORMAT
X1 X2 X3 X4 8F10
0.5 1.0 1.5 2.0
FIELD CONTENTS
1-8 XI: Values of the X-variable in the two variable function space. M2VX values
are read here.
REMARKS

1) More than eight values are allowed. Add data cards as required to contain the data,
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DATA BLOCK U

OMIT IF N2VAR = O IN BLOCK B

DESCRIPTION:

FORMAT AND EXAMPLE

Values of the Y-variable in a two variable function space study.

1 2 3 4 5 8 FORMAT
Y1 Y2 Y3 Y4 Y5 .o 8F10
4.0 8.0 12.0 16.0 20.0
FIELD CONTENTS
1-8 YI: Values of the Y-variable in the two variable function space. M2VY values
are read here.
REMARKS

1) More than eight values are allowed.

Add data cards as required to contain the data.
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DATA BLOCK V

DESCRIPTION: COPES data 'END' card.

FORMAT AND EXAMPLE

FORMAT
END 3A1
END
FIELD CONTENTS
1 The word 'END' in columns 1-3.
REMARKS

1) This card MUST appear at the end of the COPES data.
2) This ends the COPES input data.

3) Data for the user-supplied routine, ANALIZ, follows this,




A.6 DESCRIPTION OF OUTPUT

The first output item consists of a banner page related to
the COPES control program and followed by card images of the
COPES input data. The next output items contain COPES optimiza-
tion information which will be employed by the optimization
program. This is followed by a display of input information
required by the ANALIZ subroutine and related to the control
parameters, constant blade properties, variable blade properties,
active design variables, and input information for the calibra-
tion solution matrix. Next, is a display of input information
required by the TSONIC blade-~to-blade flow solver. Finally, a
display is provided of the input information needed by the per-
turbation method.

The next items of output are related to the TSONIC solution
for the baseline blade profile. The first item consists of the
input information on design variables and constant blade properties
that is provided to the blade element program which then performs
the computation necessary to determine blade property character-
istics required as input to the TSONIC code. The next items are
the input to the TSONIC code and the output generated by the code
for the flow solution. This is followed by output from OBJCON
related to the objective function and active constraints. The
next item is the banner page of information that will initiate
the CONMIN minimization procedure. The optimization search cycles
are then begun. The output that follows depends upon which IOPT
option was specified. However, regardless of the IOPT option
selected, each time a TSONIC flow solution is required by the
optimization package, the following segment of output is produced:
the input information regarding design variables and constant
blade properties that is provided to the blade element program is
displayed, followed by the input to the TSONIC code, the output
from TSONIC, and finally, output from OBJCON related to the cur-
rent objective function and active side constraint values for the
TSONIC solution just calculated. Consequently, for IOPT = 1, for
which TSONIC solutions are used throughout the optimization
process, the above segment of information is displayed for each
TSONIC solution for the gradient and search calculations. At the
end of each iteration cycle, CONMIN provides output regarding the
ending values of the design variables and side constraints. This
continues until the ITMAX limit is reached, or the objective
function has not changed within the last three iterations, at
which point the final optimization results are printed, £followed
by a final TSONIC calculation at the design point. For the
IOPT = 2 option, after the base solution is computed, the cali-
bration solution matrix is determined based on user-supplied
information. The optimization cycles then proceed using
perturbation-predicted solutions for the blade surface velocities.
When the optimization process is complete, a final TSONIC solution
is calculated at the design point and a printer plot provided
exhibiting a comparison of the perturbation-predicted surface
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velocity distribution with the TSONIC result. For the IOPT = 3
option, the optimization process is allowed to proceed with
TSONIC solutions only as with IOPT = 1, but only for one search
cycle. Then, based on the new base design point reached, design
variable values for a calibration solution matrix are determined.
Next, each of the TSONIC solutions for the new base and calibra-
tion solutions are separately determined, with output provided
after each solution regarding number of critical points, and
strained coordinate and surface pressure arrays. Following the
final calibration solution, summary output is provided regarding
the base coordinates, the strained coordinate arrays for each
calibration solution, and the corresponding surface velocity
arrays. Next, the CONMIN optimization search cycles are entered
using the perturbation method to predict all flow solutions
required in the gradient and search calculations. The search
cycles are continued to the ITMAX3 limit or until the objective
function does not change for three successive iterations, at
which point the final optimization results are printed, followed
by a final TSONIC calculation at the design point, and a printer
plot illustrating comparisons between the perturbation method
predicted surface velocities distribution and the nonlinear
TSONIC result.

A.7 ERROR MESSAGES

NUMBER OF CRITICAL POINTS IN
BASE AND CALIBRATION SOLUTIONS
ARE UNEQUAIL -~ CALCULATION ENDED

This message will be printed if critical points are speci-
fied in straining (LSPEC = 0) and the number of critical points
in base and calibration solutions are unequal. The remedy is
to avoid use of critical points in straining, or to use base
and calibration solutions having equal numbers of critical
points.

NUMBER OF CRITICAL POINTS
SELECTED EXCEEDS. NUMBER
ACTUALLY LOCATED — CALCULATION
ENDED

This message will be printed if more critical points are
specified in straining (LSPEC = 0) than the number located by
the program. The remedy is to specify a number of points less
than or equal to the actual number.

ORDER OF SPECIFIED POINTS IN

BASE AND CALIBRATION SOLUTIONS
DOES NOT CORRESPOND — CALCULATION
ENDED
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This message will be printed if the fixed points specified
(LSPEC = 0) occur in a different segquence in the base and cali-
bration solutions. The remedy is to use base and calibration
solutions having the same gualitative features.

A.8 SAMPLE CASE

The sample case presented in this section provides example
results of the perturbation method for the blade design optimi-
zation problem described in Section 3 of the main text. The
calculation is for the simultaneous six design variable (KOCR, T,
ZM, P, TMX, THLE) optimization of full potential turbomachinery
flows past compressor blades having NASA double circular arc
blade profiles with the following initial values, lower, and
upper bounds, respectively, of these parameters: (-10.0, 0.25,
0.45, 1.5, 0.05, 0.005), (-15.0, 0.20, 0.50, 0.03, 0.003), (0.00,
0.60, 0.55, 4.00, 0.10, 0.012).

The input data is tabulated in Figure A.l1 with the COPES
data appearing first, followed by the inputs for subroutine
ANALIZ, subroutine TSONIC, and subroutine PERTURB. We note that
in the input for subroutine PERTURB, the number of invariant
points to be held invariant for this calculation were chosen to
be one (NSELCT = 1), and that particular point was chosen as the
maximum point (LSELCT(l) = 2, i.e.), the stagnation point, and
that the dependent variable for print output will be symbolized
by 'WM' denoting the surface speed. Examination of the sample
input and comparison with the description of input data provided
in Sections A.5.1 to A.5.3 provides a convenient, self-explanatory
menu of how to prepare typical input data sets for future case
studies.

Finally, Figure A.2 provides an abbreviated print output for
this sample case. That output, together, with the information
contained in Appendix A, provides a benchmark result that can be
employed to completely verify the BLDOPT code on any user
facility.
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$~--DATA BLOCK A
OPTIMIZATION TEST CASE 1| = MINIMIZE SUCTION SURFACE VELOCITY DIFFUSION
$---DATA BLOCK B

$ NCALC NDV NSV N2VAR NXAPRX IPNPUT 1IPDBG
? 6

$~=-=DATA BLOCK C

$ IPRINT ITMAX 1CNDIR NSCAL ITRM LINOBY NACMX1 NDFG
] 1 -2 3 20

$-=<DATA BLOCK D

$ ALL DEFAULTS EXCEPT FDCH AND FDCHM

$ FOCH FDCHM

0.01 0.00100
s DELFUN DABFUN ALPHAX AB08J1

0.0 0.0 040 0.05
$=-==DATA BLOCK E
$ NDVTOT 1084 SGNOPT
1 =10

$=-=DATA BLOCK F

$ VLB vus X SCAL
$ OUTLET BLADE ANGLE - KOCR
~15.0 0.0 0.0 =10.0
$ TRANSITION POINT LOCATION = T
0.2 0.60 0.0 0.25
$ MAXTMUM THICKNESS LOCATION - ZM
0.2 0.55 0.0 0.45
$ INLET/OUTLET TURNING RATE = P
0.5 4.0 0.0 1.5
$ MAXIMUM THICKNESS = TMX
0.03 0.10 0.0 0.05
$ LEADING EDGE RADIUS = THLE
0.003 0.012 00 0.005
$===DATA BLOCK 6
$ NDSGN IDSGN AMULT
$ QUTLET BLADE ANGLE - KOCR
1 2 le0
$ TRANSITION POINT LOCATION - T
2 3 1.0
$ MAXIMUM THICKNESS LOCATION - ZIM
3 4 le0
$ INLET/OUTLET TURNING RATE ~ P
4 S 1.0
$ MAXIMUM THICKNESS = THMX
S 6 le0
$ LEADING EDGE RADIUS ~ THLE
6 7 1.0
$===DATA BLOCK H
H NCONS
k]
$==-=~DATA BLOCK 1
S I1CON JCON LCON
3 BL SCAL1 BuU SCAL?2
$ LOCAL BLADE THICKNESS CONSTRAINT = BLTKS
8
0.0 10.
$ PRESSURE SURFACE DIFFUSION -~ DIFFP
9
0.0 1.6
$ TRAILING EDGE CLOSURE = TECLSR
10

=1, le
$-=-=DATA BLOCKS J-U NOT REQUIRED

Figure A.l.- Card input for sample

case.
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$=--DATA ALOCK V

END
es®  INPUT FOR SUBROUTINE ANAL1Z wwe
3 6 3 6
34 0.454 6e664 2.252
52.0 -10.0 0.25 0.45 1.5 0,05 0.005 0.005

KOCR T M P TMX THLE

2 3 4 S 6 7

0 0.0
#ee  INPUT FOR SUBROUTINE TSONIC ese

1.400 1716.48 599,76 +00334586 00570000 0.0 1,510
48,2 0.0 0.0 0.0 0.0 0.0
le0 0.001 0.0 0.0

24 56 72 15 34 13 0 1 0

13.0
13.0

~«13 ~«+005 « 005 «02003 « 04003 «08003 «10003 «12503
«15004 = 17526 «18526 22500 «27
<4540 4540 «4540 +4540 <4540 4540 +4540 «4540
<4540 «4540 «4540 +4540 4540
05 «05 «0499 « 0496 « 04925 «0485 +04815 « 04770
04720 04675 04661 04661 04661
0. Oe «0015 0059 «0110 0215 <0300 0335
«0400 0470 «048 048 «048

0 0 0 0 0 0 1
SEMD

#o8  INPUT FOR SUBROUTINE PERTRB aee
OPTIMIZATION TEST CASE 1 = MINIMIZE SUCTION SURFACE VELOCITY DIFFUSION

1 1 0
2
WM
KOCR T Y4} P TMX THLE
=l.0 1.0

Figure A.l.- Concluded.
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ccceccec 0000000 PPPPPPP EEEEEEE 5555555
[¢]

C 0 P [ E S
C o] 0 P P E S
c Q [¢] PPPPPPP EEEE 5555555
c 0 0 P E 5
C 0 0 P E -]
ceceeccc 0000000 P EEEEEEE S$SS5555

CONTROL PROGRAM
FOR

ENGINEERING SYNTHESTIS

TITLEF

OPTIMIZATION TEST CASE 1 = MINIMIZE SUCTION SURFACE VELOCITY DIFFUSION

Figure A.2.- Abbreviated print output for sample case.
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CARD

CARD

1)
2)
3
4)
5)
6)
T
8)
9)
10}
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
2n
28)
29)
0
k) )
32)
3y
34)
3s)
36)
37
38)
39)
40}
41)
42)
43)
44)
45)
46)
47
48)
49)
50)
51
521
53}
S4)
55)
56)

f

IMAGES OF CONTROL DATA

IMAGE

$~=-~DATA BLOCK A
OPTIMIZATION TEST CASE 1 - MINIMIZ
$===DATA BLOCK B

] NCALC NDV NSV
2 6

$=-=DATA BLOCK C

] IPRINT ITMAX ICNDIR

5
$-==DATA BLOCK D
$ ALL DEFAULTS EXCEPT FDCH AND FODC
$ FDCH FOCHM
0,01 0.00100

$  DELFUN DABFUN ALPHAX
0.0 040 040
$~-=--DATA BLOCK E
$ NDVTOT 108J SGNOPY
1 =1.0
$=~<DATA BLOCK F
$ vi.e vuB X
$ OUTLET BLADE ANGLE - KOCR
=15.0 0.0 0.0
S TRANSITION POINT LOCATION - T
0.2 0,60 0.0
$ MAXIMUM THICKNESS LOCATION - ZM
0.2 0,55 0.0
$ INLET/OUTLET TURNING RATE - P
0.5 4.0 040
$ MAXIMUM THICKNESS = TMX
0.03 0.10 0.0
$ LEADING EDGE RADIUS = THLE
0,003 0.012 0.0
$-==«DATA BLOCK G
$ NDSGN IDSGN AMULT
$ OUTLET BLADE ANGLE - KOCR
1 4 1.0
$ TRANSITION POINT LOCATION - T
2 3 1.0
$ MAXIMUM THICKNESS LOCATION ~ ZM
3 L] 1.0
$ INLET/OUTLET TURNING RATE - P
[ 1.0
$ MAXIMUM THICKNESS = TMX
5 6 1.0
$ LEADING EDGE RADIUS - THLE
6 1.0
$===DATA BLOCK H
$ NCONS
3
$=-=DATA BLOCK 1
s ICON JCON LCON
S BL SCAL1 BY

$ LOCAL BLADE THICKNESS CONSTRAINT
a
0.0 10,
$ PRESSURE SURFACE DIFFUSION - O
Q

E SUCTION SURFACE VELOCITY DIFFUSION
N2vAR NXAPRX IPNPUT IPDBG
NSCAL ITRM LINOBY NACHX]

-2 3 20

HM

ABOBJ]
0.05

SCAL
~10.0
0.25
0.45
1.5
0.05
0.005

SCAL2
= BLTKS

IFFP

Figure A.2.- Continued.
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57
58)
59)
60)
61)
62)
63)

0.0 1.6
$ TRAILING EDGE CLOSURE - TECLSR
10
~l. 1.
$---DATA RLOCKS J-U NOT REQUIRED
$---DATA BLOCK V
END

Figure A.2.- Continued.
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TITLE:

OPTIMIZATION TEST CASE | - MINIMIZE SUCTION SURFACE VELOCITY DIFFUSION

CONTROL PARAMETERSH

CALCULATION CONTROL» NCALC = 2
NUMBER OF GLOBAL DESIGN VARIABLES, NDV = 6
NUMBER OF SENSITIVITY VARIABLES. NSV = 0
NUMBER OF FUNCTIONS IN TWO=-SPACEs N2VAR = 0
NUMBER OF APPROXIMATING VAR, NXAPRX = 0
INPUT INFORMATION PRINT CODEs IPNPUT = 0
DEBUG PRINT CODE. 1PDBG = 0

CALCULATION CONTROLs NCALC

VALUE MEANING

SINGLE ANALYSIS
OPTIMIZATION

SENSITIVITY

TWO-VARTABLE FUNCTION SPACE
OPTIMUM SENSITIVITY
APPROXIMATE OPTIMIZATION

TR s W -

® ® OPTIMIZATION INFORMATION

GLOBAL VARIABLE NUMBER OF OBJECTIVE

= 1
MULTIPLIER (NEGATIVE INDICATES MINIMIZATION) = =.1000E+01

CONMIN PARAMETERS (IF 2ERO, CONMIN DEFAULY wItL OVER-RIDE)

IPRINT ITMAX ICNDIR NSCAL I1TRM LINOBJ NACMX] NFDG

S 1 0 -2 3 0 290 0
FDCH FDCHM cT CTMIN
+10000E~01 +10000E-02 0. 0.
cTL CTLMIN THETA PHI
0. ' 0. 0.
DELFUN DABFUN ALPHAX ABOBJ]
Oe 0. 0. «50000E-01
DESIGN VARIABLE INFORMATION
NON=ZERO INITIAL VALUE wIlLL OVER-RIDE MODULE INPUT
D. Ve LOWER UPPER INITIAL
NO. BOUND BOUND VALUE SCALE
1 ~«15000€+02 Oe 0. ~+10000E+02
2 «20000E+00 «60000E«00 0. «25000E+00
3 «20000E+00 +55000E+00 0. «45000E+00
4 «50000E+00 «40000E+0] 0. +»15000E+01)
5 «30000E-01 «10000E+00 0. «50000E-01}
6 «30000E~02 «12000E~01 0. «50000E~-02

DESIGN VARIABLES

De V. GLORBAL MULTIPLYING
1D NO . VAR, NO, FACTOR
1 1 2 »10000E+01

Figure A.2.- Continued.
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2 2 3 «10000E+01
3 3 4 «10000E+01
4 4 ) «10000E+01
5 5 6 «10000E+01
6 6 7 «10000E+01

CONSTRAINT INFORMATION

THERE ARE 3 CONSTRAINT SETS

GLOBAL GLOBAL LINEAR LOWER NORMAL1ZATION UPPER
10 VAR, 1 VAR, 2 1D BOUND FACTOR BOUND
1 8 0 0 0. «10000E+00 «10000E+02
3 9 0 0 0. +«10000E+00 «16000E+01
5 10 0 0 -.10000E01 «10000E+01 +10000E+01
TOTAL NUMBER OF CONSTRAINED PARAMETERS = 3

® o FSTIMATED DATA STORAGE REQUIREMENTS

REAL INTEGER
INPUT  EXECUTION AVAILABLE INPUT EXECUTION AVAILABLE
57 779 5000 34 112 1000

Figure A.2.- Continued.

NORMALIZATION
FACTOR
«10000E+02
«16000E+01
+10000E+01
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~=~ [NPUT FOR CONTRQOL SUBROUTINE ANALIZ =---

CONTROL PARAMETERS

IOPT = 3 NDV B 6

CONSTANT BLADE PARAMETERS

N8 R ALP SoL1D
34 4540 646640 2.2520

VARIARLE BLADE PARAMETERS

KICR KOCR T M
52,0000 <=10.0000 «2500 <4500

ACTIVE DESIGN VARIABLES

KOCR T ZM P
=10.0000 «2500 4500 1.5000
ICALB = 0 PSTEP B 0.000

NCN = 3
P TMX
15000 «0500
TMX THLE
20500 «0050

Figure A.2.-

ITMAX3 = 6
THLE THTE
+0050 «0050

Continued.



Z8

GAM
1.,400000
RETAT
48.20000
REDFAC
1.000000

MBI MBO
24 56

BLADE SURFACE 1

RI1
0.

MSP1  ARRAY
0.
0.

THSP1 ARRAY
0.
0.

BLADE SURFACE 2

RI2
0.

MSP2 ARRAY
0.
0.

THSP2 ARRAY
0.
0.

MR  ARRAY
-.1300000
«1500400
RMSP  ARRAY
«4540000
«4540000
BESP  ARRAY
«5000000E-01
«4720000E-01)
PLOSS ARRAY
0.
+4000000E-01

BLDAT AANDK ERSOR STRFN SLCRD INTVL SURVL

0 0

AR TIP
1716.480 599,7600
BETAO CHOROF

O [
DENTOL SSM1
«1000000E~-02 0.
MM NBB1 NBL
0 0 15 34
-= UPPER SURFACE
RO1 BETI1
Oe 0e
0. 0.
0. 0.
0. 0e
0. De
== LOWER SURFACE
RO? BETI2
Oe Oe
0. Oe
0. ')
Ne 0.
0. 0.

~+5000000E~02
«1752600

04540000
4540000

«5000000E~01
+4675000E-01

0.
«4T700000E~01

0 0

==~ [NPUT FOR TSONIC BLADE-TO-BLADE FLOW SOLVER =--

«5000000E-02
1852600

+4540000
«4540000

+4990000E~01
*«4661000E-01

«1500000E-02
+4800000E-01

0

RHOIP
«3345860€£-02
STGRF
Qe
S5M2
0.

NRSP MOPT
13 0
BETO1
[

0.
0.

0.

0.
BETO2

0.

0.
0.

0.

0.
«2003000E-01
2250000

4540000
«4540000

+4960000E~01}
«4661000E-01

«5900000E-02
+4800000E-0)

WTFL
+5700000E-02
FSMI
0.
LOPT LRvE
1 0
SPLNO1
13.00000
Q.
0.
0'
Oe
SPLNO2
13.00000
0.
'
0.
0.

«4003000E-01
«2700000

+4540000
+4540000

«4925000E-01
«4661000E-01

«1100000E-01
+4800000E-01

Figure A.2.- Continued.

0.
FSMO
'

0.

«8003000E~01]

24540000

+4850000E-01

«2150000E~01

OMEGA

0.

0.

«1000300

4540000

+4815000£-01

«3000000E=-01

ORF
1.910000

0.

0,

0.

0.

+1250300

24540000

«4TT70000E~01

«3350000E-01
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=== INPUT FOR PERTURBATION METHOD ===

..........’......'..'.........'.'....I..........l6.'......Ii........'.'.........'.I....I'....'I.........'......"...............’...

* OPTIMIZATION TEST CASE 1 = MINIMIZE SUCTION SURFACE VELOCITY DIFFUSION [
[ 2Ty Ty Ty Y T Ty Y s Ty Y o e Y Ty Y Y Ty Yy Y T Y e T T L L T L Ty T T Y Y T o

seseslIST OF INPUT PARAMETERS
N= 62
A= =1,0 B= 1.0
NPARAM = 6

ee00oSTRAINING OPTIONS
NUMBER OF FIXED POINTS: 3

FIXED POINTS WILL BE AUTOMATICALLY DETERMINED
BY THE PROGRAM FOR ALL SOLUTIONS AS FOLLOWS:

TWO END POINTS
POINT OF MAXIMUM WM

Figure A.2.- Continued.
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NO.
BLADES

34

INLET CONE
RADIUS ANGLE
(L) (DEG)

«45400 6466400

##4¢ [NPUT FOR BLADE ELEMENT PROGRAM #&e

INLET OUTLET TRANS . MAX+TH,

SOLIDITY BLADE BLADE Loc, LocC.
ANGLE ANGLE /CHORD /CHORD
(DEG) (DEG)

2425200 52,000 <-10.0000 +25000 245000

Figure A.2.- Continued.

IN/OUT
TURNING
RATE

1.50000

MAX o
THICK,
/CHORD

« 05000

LeEe
RAD.
/CHORD

«00500

T.E.
/CHORD

«00500
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GAM
1.,400000
BETAL
48,20000
REOFAC
1.000000

MB1 g0
24 56

BLADE SURFACE 1}

R11
«9668364E~-03

MSP]  ARRAY
«1503113E-03
+121897¢0

THSP1  ARRAY
+1140045E-02
»1435478

BLADE SURFACE 2

RI2
+9668364E~03

MSP2  ARRAY
+1664865E-02
+1235102

THSP2 ARRAY

~+1473028E-02

012064542

MR ARRAY
-.1300000
«1500400
RMSP  ARRAY
4540000
+4540000
BESP  ARRAY
+5000000E=01
«4720000E-01
PLOSS ARRAY
0.
«4000000E=-01

BLDAT AANDK ERSOR STRFN SLCRD [INTVL SURVL

0 [

AR T1P
17164480 599,7600
RETAO CHORDF
O «1834184
DENTOL SSM]
«1000000E-02 0.
NBBI NBL
0 0 15 34
-~ UPPER SURFACE
RO\ BETT1
«9668364E~-03 57.62951
«5980107E~02 2 1529854E-01
1423000 +«1585911
+1958139E-01 «4336945£-0}
01447487 21423112
-~ LOWER SURFACE
ROZ2 BET12
«9668364E-03 46,2077

.8669538E~02
1430679

«1370723E-01

+1307850
=+5000000E~02

1752600

24540000
«4540000

+«5000000E=01
«4675000€~01

0.
+4700000E-01

0 0

=== INPUT FOR

«1911677€-01
«1587932

«3337744E-01
1317585
«5000000E~02
+1852600

4540000
4540000

«4990000E-01
«4661000E-01

«1500000E-02
«4800000E-01]

0

RHOIP

«3345860E-02

STGRF
.1311528
SSM2
0.

NRSP MOPT
13 0

BETO1

~13413649

«2744253E~0]
« 1727172

«6726818E-0]

«1377348

BETOZ2
-5.,047831

«3189241E-01
«1725519

«5345856E£-0]
«1308042
«2003000E-01
«2250000

245640000
«4540000

«4960000E~01
+4661000E~01

«5%00000E-02
«4800000E-01

WTFL

«5700000E~02

FSMI

0.

LOPTY LRVH

1 0
SPLNO1L
13.00000

2444T74)12E-0]
«1826858

«9178661E~01
«1330935
SPLNO2
13.00000

+489313]1E-01
«1823521

«T484201E-01
+1290985
+4003000E~-01}
«2700000

4540000
#4540000

+4925000E-01
+4661000E-01

«1100000E-01
«4800000E-01

Figure A.2.- Continued.

TSONIC BLAUDE-TO-BLADE FLOW SOLVER ===

0.

FSMO

0.

«6273379E-01

1116067

«6676995E~01

«9279699E-01

«8003000E~01

4540000

+4850000E~0}

«2150000E-01

OMEGA

O

«81876T0E-0]

21269242

«8523057E~01

« 1074271

»1000300

+ 4540000

+4815000E-01

«3000000E-01

ORF
1.910000

«1016760

«1375985

»1041871

+1186613

+1250300

+«4540000

«4770000E-01

«3350000£~01
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RELATIVE MERIDIONAL

VELOCITY VELOCITY
AT M = FSM] AT M = FSM]
745.90 497.17
AT M @ FSMO AT M = FSMO
499.45 499,45

FSMI = C.

FSMO = «18342

CALCULATED PROGRAM CONSTANTS

PITCH HY HM]
1847996 «1231997E-01
ITMIN ITMAX

0 25
LAMBDA DOWNSTREAM WHIRL
252.4466 Ne

REDUCED WEIGHT FLOW = +»5700000E-02

NUMBER OF INTERIOR MESH POINTS = 1035

CALCULATED VELOCITY DIAGRAM INFORMATION

M ]
UPSTREAM BOUNDARY 1 745447
LEADING EDGE 24 745490
TRAILING EDGE 56 499.45
DOWNSTREAM BOUNDARY 72 500,06

+5731826E-02

CRITICAL
VELOCITY
AT M B FSMI
1095.9
AT M = FSMO
1095.9

W/WCR

«68022

«6B8061

«45573
«45629

REL. FLOW

ANGLE

AT UPSTREAM BDY.

4R.237

AT DOWNSTREAM 8DY.
0.

BETA
48.237
48.200

0.
0.

Figure A.2.- Continued.
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ITERATION NO. 1

MAXTMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE PUINTS = .3059 AT M = 0, 1T = 11, SURF = 1, M=z 1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 41105

NUMBER QOF UNCONVERGED BLADE SURFACE MESH POINTS = 86

ITERATION NO. 2

MAXIMUM RELATIVE CHANGE IN NENSTTY AT BLADE SURFACE POINTS = ,2681 AT IM = 0. IT = 1. SURF = 1, M= 1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = +2909E-01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 86

ITERATION NO, 3

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .4396 AT IM = 0, IT = 11 SURF = |, M= .]779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .1291gE-01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 85

ITERATION NO. Y
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 3.182 AT IM = 0 IT = 11y SURF = 1, M= ,1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 3816E-01
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 63
DENSTY CALL NO. 9
NER()) = ]
RHO®W 1S  1.2430 TIMES THE MAXIMUM VALUE FOR RHO*W

ITERATION NO. 5

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .8418 AT IM = 0 IT = 11y SURF = ], M= W1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .1041E-01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 22

ITERATION NO. 6

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .3818 AT IM = 0y IT =11y SURF = 1y M= 1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS & .4669E-02

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 12

ITERATION NO. 7

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 1.655 AT IM = 0, 1T = }1, SURF = ], Mx 1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .1857E~01}
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 8

DENSTY CALL NO. 9

NER(]) = 2

RHO*W IS 1.2455 TIMES THE MAXIMUM VALUE FOR RHO®*W
ITERATION NO. A
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = L7274 AT IM = 0, IT = 11 SURF = 1» ME 1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .8167E-02

Figure A.2.- Continued.
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NUMBER OF UNCONVERGFD BLADE SURFACE MESH POINTS = 1

ITERATION NO. 9

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 43803 AT IM = g, IT = 11 SURF a 1, M= 41779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .4269E-02
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1
ITERATION NO. 10
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 1,635 AT IM a 0 IT = 11, SURF = 1, M= L1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS m +1820£-01
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1
DENSTY CALL NO. 9
NER(1) = 3

RHO*W IS 142472 TIMES THE MAXIMUM VALUE FOR RHO®*W

ITERATION NO. 11

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,7251 AT IM ® 0o IT = 11, SURF = ], M= L1779
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = +8072€-02

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS m 1

Figure A.2.- Continued.
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M
0.
«5T732F=02
e 1146E-0]
«1720€-01
«2293€-01
«2866F~01
«3439€-01
«4012€-01
«4585F~01
«5159€-01
«5732€-01
«630SE~01
«6B87BE~01
2 7451E-01
«8025€-01
«8598E-01
«9171E~01
«9T44E=0D]
1032
«1089
«1146
01204
1261
«1318
#1376
1433
+1490
«1548
«1605
1662
1720
1777
1834

& % F & F & 2 & 8 % 0 % &% % 033 2 05 04 % x5 * 0 s F O tE S kSISO

VELOCITY
0.
B8T1.6
909,.2
319.0
91041
A84.7
848.7
61141
78246
76040
743.6
72749
716.3
70549
694.6
687.5
680.8
672.8
666.8
66043
65346
64644
639.3
63241
62444
616.1
606.4
594.3
578.3
557.6
531.8
499,1
0.

SURFACE VELOCITIES BASED ON MERIDIONAL COMPONENTS = REDUCED WEIGHT FLOW
3

BLADF SURFACE 1

ANGLE {DEG)
90.00
52.R7
48447
4447
40.64
36.99
33.70
30.9¢
28.82
26489
24.95
23.02
21409
19.20
17.36
15.55
1375
11.97
10.22

8.47
6.73
5.01
3.30
l.60
~«09
~1.76
=3.45
-5.17
~6.92
~8.56
~10405
~-11.58
=-90.00

SURF . LENGTH
0.
«1030E-01
«19356-01
L2767E=01
»3545E~01
«4281E-01
«4984E-01
«5661E=-01
«6322E-01
«6971E-01
+7608E-01
«8235E-01
+8854E-01
+9464E-01
«1007
1067
1126
1185
1243
1301
»1359
«1417
Ty
«1531
.1589
. 1646
1703
1761
1819
«1876
«1934
+1993
«2054

W/WCR
0.
» 7953
+«8296
+8385
28304
«8073
«T744
7401
7141
26935
«6785
26642
«6536
o644
»6338
«6273
6212
6139
«6085
«6025
«5964
+5898
«5834
«5768
«5698
«5622
+55134
«5423
5277
+5088
«4853
04554
0.

B & % € & & %% % &3 eSS REE X E S S SEEEES SO S SR

VELOCITY
O
608.5
579.5
554.2
536.5
524.8
515.5
509.7
506.7
502.7
498,7
493,4
489.6
485,.1
482.3
479.9
476.3
474.2
471.9
469,.8
466,0
465.3
466,7
464,7
465.8
468.3
472.3
477.9
485,.3
496.7
521.7
600.4
0.

Figure A.2.- Continued.

BLADE SURFACE 2

ANGLE (DEG) SURF. LENGTH

=90.00
44 .24
41.58
33,02
36457
34.15
31.78
29.64
27.78
26.21
24,68
23.16
21465
20,15
18.68
17.23
15.79
14,37
12.96
1156
10.17
8.80
T+45
6.09
4.72
3.36
2402
« 75
~oh8
-1.89
=3.55
~4,.87
90.00

o.
«6680E~02
«1451E~01
«2202E-01
«2927E-01
«3630E-01
«4313E~0]
«4980E-0]
+5633E-01
«6277E~0}
«6911£-01
«753BE=-01
«8158E-0]
«8TT2E-0)
+9380E-0]
«9982E-01
«1058
1117
1176
«1235
«1293
«1351
<1409
1467
«1525
«1582
+ 1640
«1697
«1754
«1812
«1869
«1926
«1984

W/WCR
0.
«5552
«5287
«5057
«4895
«4789
<4704
«465]
4623
«4587
+4550
«4502
4468
4426
«440)
«4379
« 4346
«4306
4287
<4252
42406
LTI
4240
24250
«4273
«4310
«4360
4428
«4532
4760
«5478
O

S &% 2 &S &S SR O PP S EEEEEEDEES ST G RN
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SURFACE VELOCITIES BASED ON TANGENTIAL COMPONENTS
REDUCED WEIGHT FLOW

ALADE SURFACE 1

M VELOCITY ANGLE (DEG) W/uWCR
0. 52247 90.00 «4769
+3555E-02 914.3 54.65 «8343
«TTT6E~-02 880.0 51.28 «8030
«1256E~-01 911.6 47467 .8318
+«1800E~01 919.8 4393 «8393
«2424E-01 909.4 39.79 «8298
+3152E~01 879.6 35.29 <8026
«4012€-01 833.8 30.94° «7608
«S018E=-01 777.0 27.36 «7090
«6197E-01 743.7 23.38 +«6786
«T65TE~01 T0R.7 18.53 «6466
«9699€-01 694.0 12.11 «6333
«1779 1096, =11.65 1.000

BLADE SURFACE 2

M VELOCITY ANGLE (DEG) W/WCR
«2310F=-02 660.1 45.89 6023
*» 799SE=-02 59244 43.18 «5406
«1426E-01 560.6 40.32 «5115
«2122€-01 538.8 37.30 « 4916
«2901£~-01 517.8 34.00 «4725
«3790E-~01 509.2 30.44 4647
«4811€-~01 50244 2713 +4585
«5979E-01 492.8 264403 04496
«T7348E-01 484404 20.42 4420
«9043E~-01 474.9 16¢11 «4334
01143 465.4 10.25 4247

Figure A.2.- Continued.
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—
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«200 1

800. 850, 900,

750,
BASED ON MERIDIONAL COMPONENT

BASED ON TANGENTIAL COMPONENT

700,
MERIDIONAL STREAMLINE DISTANCE (M) DOWN THE PAGE

650.
+ = BLADE SURFACE 1y BASED ON MERIDIONAL COMPONENT

® - BLADE SURFACE 1s BASED ON TANGENTIAL COMPONENT

X = BLADE SURFACE 2,

VS,
0 - BLADE SURFACE 2»

Figure A.2.- Continued.

VELOCITY (W)

500, 550.

450,
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X ARRAY

Y ARRAY

0

+968750
«812500
«656250
«500000
«343750
«187500
.031250
«156250
«312500
«468750
625000
781250
«937500

6004354
472.312
465,289
476.253
493.39¢

«5732E-02
«1146E=01
«1720€-01
»2293E-01
«2B66E-01
«3439E-01
«4012F=01
«4585E~01
«5159€~01
«5732E-01
«6305€E-01
«6878E£-0]
«7451E-01
«B025E~01
«8598E=-01
«9171E~01
«9T44E=01
«1032
»1089
1146
«1204
«1261
«1318
«1376
«1433
«1490
«1548
«1605
«1662
<1720
1777
«1834

937500
«781250
«625000
«468750
«312500
156250
«031250
«187500
« 343750
«500000
«656250
«812500
.968750

521.669
468.339
466.016
479.869
498 .68R

M/MC

O
«3125E-01
«6250E-01
«9375E-01
1250
+1563
«1875
.2188
«2500
.2813
«3125
«3438
+3750
«4063
«4375
4688
«5000
«5313
+5625
«5938
6250
«6563
6878
.7188
«7500
7813
8125
+8438
«8750
«9063
«9375
+9688
1.000

» 906250
+ 750000
#593750
»437500
»281250
+125000
4062500
»218750
+375000
+531250
2687500
+843750

496,727
465,802
469,834
482.34R8
502.72%

BLADE SURFACE PRESSURES FOR FULL WEIGHT FLOw

P{1)/PT

9994
6760
6507
<6432
+64179
6631
«6R50
7074
<7239
7365
7452
7533
7587
« 7631
«7677
<7696
JJ712
« 7736
«775%
«1782
7813
<7846
1877
7906
«7933
<7961
7995
8039
«8101
.B8184
8289
«8423
9521

«875000
+ 718750
«562500
406250
250000
« 093750
« 093750
2250000
«406250
562500
«718750
«875000

485,325
464,706
471.882
485,093
506.666

Figure A.2.- Continued.

P(2)/7PT

«B43750
687500
+531250
«375000
» 218750
« 062500
+125000
«281250
«437500
593750
« 750000
2906250

477.873
464,733
4744222
489,643
509,703

9994
8301
«8435
«8543
«B612
8652
8682
«8697
«8700
+8707
8714
8725
«8728
+8731
8722
«8710
«8701
«8686
+«8684
«8683
+8693
«869]
8687
«8677
«8660
+»8635
8602
«8563
«8516
8453
«8334
« 7961
9521

cPT ()

=e6204E~03

-¢3240
-+3493
~-.3568
-.3521
-«3369
-¢3150
-.2926
-e2761
-e2635
~-.2548
=.2467
-.2413
-+2369
~e2323
~+2304
~.2288
-.2264
~e2245
-.2218
~-+2187
=.2154
~s2123
-+2094
~.2067
=.2039
~+2005
~e1961
-.1899
-.1816
-+1711
=.1577
-.4788E-01

cCPT(2)

~e6204E-03
=«1699
~+1565
=«1457
~.1388
~.1348
-+1318
=-+1303
=+1300
~+1293
~e1286
-+1275
~+1272
~«1269
~.1278
~e1290
=~+1299
=«1311
~.1316
=.1317
-e1307
-e¢1309
=.1313
-.1323
~+1340
-¢1365
~¢1398
-e1437
=J1 484
~e1547
s 1666
=«2039
~e4788E~01
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5154508
608.45]
884,702
743,617
687,479
653,568
616,098
531.810

QUTPUT FROM 08JCON

524794
A71+594
B4R 724
727.894
680820
6464379
606446
499.05)

OBJECTIVE FUNCTION  OIFFS

CONSTRAINT 1
CONSTRAINT 2

CONSTRAINT 3

w0
DIFFS/w0

BLTKS

YMAX
YMIN
DIFFP

WMB (MBO=2+1)
WMB (MB0=2,2)
TECLSR

5364506 5544157
909.197 918.981
811096 T82.606
716.322 705,924
672.815 666.824
6394342 632.094
594.286 578.274
= «91898E+03
= «49945E+03
= 418400E+01
= J66765E+400
B «60845E+03
= «6464T1E+03
= +13093E+01
= .53181E+03
= «52167E+03
= +12677E+00

Figure A.2.- Continued.

579.455
910.061
160,025
694.579
660,302
6244435
557.598
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[ 20K T TR 2N TR JNE I IR B K 2 R JEE R IEE NN IR Y IR BN IR R BN 2 2K
[ »
- CONMIN *
- -
. FORTRAN PROGRAM FOR *
- -
* CONSTRAINED FUNCTION MINIMIZATION L4
. ]
[ JEK JNE 2R IR K 2K N 2K 2N N R BN B B B SR B JNE 2NN IR JNE NE R BN B 2K
CONSTRAINED FUNCTION MINIMIZATION
CONTROL PARAMETERS
IPRINT NDV 1TMAX NCON NSIDE [ICNDIR NSCaAL NFDG
5 6 1 6 1 7 -2 0
LINOBY ITRM N1 N2 N3 N4 NS
0 3 8 18 20 20 40
[0} CTMIN CTL CTLMIN
~«10000E+00 «40000E-02 ~+10000E-01 «10000E=-02
THETA PHI DELFUN DABFUN
«10000E+01 «50000E+01 «10000E-03 «18400E-02
FDCH FDCHM ALPHAX ABOBJ1
«10000E~01 +10000E-02 «10000E+00 «50000E-01
LOWER BOUNDS ON DECISION VARIABLES (VLB)
1 ~«15000E+0] «R0000E+00Q «44444E+00 «33333E+00 «60000E+00 «60000E+00
UPPER BOUNDS ON DECISION VARIABLES (VUB)
1) 0. 2 24000E+0) «12222E+01 e 2666TE+01 «20000E+0] «24000E+0])
SCALING VECTOR (SCAL)
«1000E+02 «2500E+00 «4500E4+00 «1500E+01 «5000£-01 +5000E-02
ALL CONSTRAINTS ARE NON-LINEAR
INITIAL FUNCTION INFORMATION
0BJ = «183998E+01
DECISION VARIABLES (X-VECYOR)
1) =+10000E+02 «25000E+00 «45000E+00 «15000E+01 «50000€~01 «50000E~-02
CONSTRAINT VALUES (G-VECTOR)
1) =+66T65E+01 <~.93323E+00 =~,13093E+02 =~,18167E+00 =-.11268E+¢01 =-.87323E+00

Figure A.2.- Continued.



S6

BEGIN ITERATION NUMBER

cT

= =~+10000E+00

NO.
BLADES

34

INLET
RADIVUS
18]

«45400

1

cTL =

CONE
ANGLE
(DEG)

666400

=+10000E-01 PHI = «50000E+01

#ee [NPUT FOR BLADE ELEMENT PROGRAM wes

INLET QUTLET TRANS . MAX+TH. IN/OUT

SOLIDITY BLADE BLADE Loc, LoC. TURNING
ANGLE ANGLE /CHORD /CHORD RATE
(DEG) (DEG)

2425200 52.000 =9.9000 «25000 45000 1.50000

Figure A.2.- Continued.

MAX o
THICK.
/CHORD

«05000

LeEs
RAD.
/CHORD

+00500

TeEe
RAD.
/CHORD

«00500



96

GAM
1.400000
BETAY
48.20000
REDFAC
1.000000

Ml M0
24 56

BLADE SURFACE 1

RI1
«9668292E-03

MSP]  ARRAY

«1502917E-03
«1218393
THSP1
«1139973E~02
«1437228

BLADE SURFACE 2

R12
«9668292E-03

MSP2  ARRAY

«1664831E-02

01234617

THSP2

=+ 1473066E-02
21266333

MR ARRAY
=+1300000
«1500400

RMSP  ARRAY

«4540000
«4540000

BESP ARRAY

«5000000E~01
«4720000E-01

PLOSS AKHRAY

0.
«4000000E~01
BLDAT AANDK

0 0

ARRAY

ARRAY

AR TIP
17146.480 599,7600
BETAO CHOROF
0. «1833593
DENTOL SSM]
«1000000E-02 O
NBR 1 NBL
0 0 15 34
== UPPER SURFACE
RO1 BETI1
«9668292E-03 57.63155
«5978272E-02 «1529266E-01
«1422379 «1585276
«1957908E~-01 «4336726E-01
« 1449823 « 1425966
-- LOWER SURFACE
RO2 BETIR
«9668292E-03 46,20589
+866B414E-02 «1911275E-01
«1430141 «1587367
«1370572E~-01} «3337749E-01
.1310207 +1320445
=+5000000E-02 «5000000E-02
1752600 1852600
«4540000 +4540000
«4540000 «4540000

«5000000E-01
+4675000E~01

0.
«4700000E~01

ERSOR STRFN SLCRD

0 (1]

=== INPUT FOR TSONIC BLADE-TO-BLADE FLOW SOLVER ===

«4990000E-01
«4661000E-01

«1500000£-02
«4800000£-01

INTVL
0

SURVL

RHOIP
«3345860E-02
STGRF
«1315224
SSM2
0.

NRSP MOPT
13 0

BETO1

~13.03485

«2743032E~0]
+ 1726546

«6727171E~01

»1380689

RETO2
~4.944609

+«3188349E-0]
« 1724944

«5346616E-0}
«1311376
«2003000E-01
+2250000

«4540000
«4540000

«4960000E-01
«4661000E~0]

«5900000E-02
«4B00000E~0])

WYFL

+5700000E-02

FSMI
0.

LOPY LRVE

1 ]
SPLNO]
13.00000

«4445239E-01
21826251

«9180706E~01
01334640
SPLNO2
13.00000

+489]1460E-01
+ 1822947

+7486838E-0)
«1294676
«4003000E-01
«2700000

«4540000
«4540000

«4925000£-01
+4661000E-0]

+1100000E-01
+4800000£-01

Figure A.2.- Continued.

0.
FSMO
0.

«6270190E-01

1116533

«6674475E-01

«9285030E-01

«8003000E-01

«4540000

«4850000E-01

«2150000E-01

OMEGA

+8183494E-0])

«1270053

+8519690E-01

«1075148

«1000300

«4540000

«4815000E=-01

«3000000E-01

ORF
1.910000

«1016254

« 1377225

+1041455

+1187910

«1250300

+ 4540000

«4770000E-01

+«3350000E~01
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RELATIVE MERIDIONAL CRITICAL REL. FLOW
VELOCITY VELOCITY VELOCITY ANGLE
AT M = FSM] AT M = FSM] AT M = FSM] AT UPSTREAM BDY,.
745.90 497.17 1095.9 48.237
AT M = FSMO AT M = FSMO AT M = FSMO AT DOWNSTREAM BDY.
499.44 499 .44 1095.9 O
FSMI = 0.
FSMO = «18336
CALCULATED PROGRAM CONSTANTS
PITCH HT HM1
01847996 «1231997€=-01 «5729979E-02
ITMIN ITMAX
0 25
LAMBDA DOWNSTREAM WHIRL (RVTHO)
252,44566 0s
REDUCED WEIGHT FLOW = «5700000E~02
NUMBER OF INTERIOR MESH POINTS = 1035
CALCULATED VELOCITY DIAGRAM INFORMATION
™ W W/WCR BETA
UPSTREAM BOUNDARY 1 T45.47 68022 48.237
LEADING EDGE 24 745.90 68061 48.200
TRAILING EDGE 56 499,44 «45572 0.
DOWNSTREAM BOUNDARY 72 500,06 + 45629 0.

Figure A.2.- Continued.
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ITERATION NO. 1

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .3084 AT IM = 0, IT = 11, SURF = ], M= ,1786
AVFRAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .1106

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 86

ITERATION NO, 2

MAXIMUM RELATIVE CHANGE IN DENSITy AT BLADE SURFACE POINTS = ,2718 AT IM = 0y IT = 11, SURF = ], M= .1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .2915€E~01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 86

ITERATION NO, 3

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .4543 AT [M = 0y IT = 11, SURF = 1, M= ,1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = +)308E-0]

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 85

ITERATION NO, - &
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 3,728 AT IM = 0o IT = 11, SURF = ], M= ,1786
AVERAGE RELATIVE CHANGE 1IN DENSITY AT BLADE SURFACE POINTS = ,4423E-0)
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = &3
DENSTY CALL NO. 9
NER(1) = 1
RHO*W IS 1.2462 TIMES THE MAXIMUM VALUE FOR RHO*W

ITERATION NO, S

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .8621 AT IM = 0, 1T = 11 SURF = 1, M= ,1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .1063€-01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 23

ITERATION NO, )

MAXTMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,3878 AT IM = 0y IT = 11, SURF = 1, M= ,1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,L4736E~-02

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 13

ITERATION NO, 7
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 1,740 AT IM = 0y IT = 11, SURF = |, M=z L1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = +1951E-01
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 8
DENSTY CALL NO. o9
NER(]) = 2
RHO®W 1S 1.2487 TIMES THE MAXIMUM VALUE FOR RHO®*W

ITERATION NO, A

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS »7370 AT IM m 0o 1T = 11, SURF = 1, M= .1786
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS m .8272€E-02

Figure A.2.- Continued.
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NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1

ITERATION NO. 9

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,3891 AT IM
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS m  .4369E-02

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1

ITERATION NO. 10

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = 1,757 AT IM
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,1955€-01

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1
DENSTY CALL NO. 9
NER(1) = 3
" RHO®W 1S 1.2486 TIMES THE MAXIMUM VALUE FOR RHO*W

ITERATION NO. 11

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS z .7389 AT IM
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS = ,8235€E-02

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1

Figure A.2.- Continued.
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* SURFACE VELOCITIES BASED ON MERIDIONAL COMPONENTS - REDUCED WEIGHT FLOW
. 3
. BLADE SURFACE 1 . BLADE SURFACE 2
M . VELOCITY ANGLE (DEG) SURF. LENGTH W/WCR . VELOCITY ANGLE (DEG) SURF,. LENGTH W/WCR
0. * 0. 90.00 0. 0. LA =90,00 0. 0.
«ST30E-02 *+ a871.3 52.88 +1030€E-01 «7950 hd 608.9 44425 «667TTE-D2 5556
«1146E-01 * 909.0 48.49 «1935E£-01 «8294 . 579.9 41459 «1450E-01 5292
«1719E-01 * 918.8 44,449 «2T6TE~01 8384 hd 55446 39.03 «2202E-01 «5061
«2292E~0) * 910.0 40.66 «3545E-01 «8304 * 53740 36459 «2927E-01 «4900
+2865E-01 * 884.7 37.02 «4281E~01 «8073 L4 525.2 34.17 +»3630E~01 «4793
«3438E~0]1 * 849.2 33.73 «4983E~01 « 7749 * 516.0 31.81 «4313E-01 «4708
«4011E-01 * 8l1.3 30.97 «5661E-01 «7402 * 51041 29,67 «4979E-01 « 4655
«45B4E-0]1 * 782.8 28.85 »6322E-01 «T143 * 507.1 27.82 «5633E~01 4627
«S157€E-01 T760.2 26.93 «6970E~01 06937 b4 503.1 26.25 26276E-01 +459])
«5730E~01 ¢ 74349 25.00 «T608E-01 «6787 . 499,1 24,73 «6911E=01 «4554
«6303E-01 ¢ 728.1 23.06 «8235E-01 + 6644 hd 493.7 23.21 «7538E-01 4505
«6B76E-0]1 * 716.5 2la14 +8853E~-01 «6538 . 49040 21.70 «8158E-01] 4471
«TA4GE=0]1 = 706.1 19.25 «9464E-0]) 26443 » 485.4 20.20 +«8771E~01 + 4429
+8022E~01 * 694.8 17440 «1007 «6339 . 482.6 18.73 «9379E-01 4404
+«8595E-01 ¢ 687.6 15.60 «1067 6274 . 480.2 17.28 «9982E-01 04382
+9168E-01 * 681.0 13.81 21126 «6214 hd 47646 15.85 «1058 04349
«9T4)E~01 * 672.9 12.03 «1185 «6140 4 4Té.4 14043 <1117 «4329
«1031 » 666,49 10.27 «1243 +6085 * 472.2 13.02 « 1176 +4309
1089 hd 660.5 8.53 1301 6027 * 470.0 11.62 «1235 +4288
e1146 * 653.6 6+80 «1359 +5564 * 467.2 10.24 «1293 24263
«1203 hd 646.5 5.07 <1416 +5899 hd 465.4 8.87 «1351 4247
1261 * 639.3 3.37 « 1474 +5834 * 464,7 7.52 «1409 4240
1318 * 63242 1.67 «1531 «5769 . 464.8 6.16 1467 «424)
«1375 * 624.6 =01 »1589 5699 . 465.9 4.80 1525 4252
01432 * 616.2 ~1.68 «1646 +5623 * 468.3 3,43 1582 « 4273
«1490 * 606.5 =3.37 «1703 «5534 * 472.3 2410 1639 4310
1547 g 594.4 =5.09 01761 «5424 d 4T77.9 .83 «1697 4361
01604 * 578.6 -6.83 .1818 5280 . 485.2 =.40 1754 4427
1662 A 558.0 ~8e47 «1876 #5091 d 496.4 -1.80 1811 «4530
1719 * 532.3 ~9.97 1934 + 4857 hd 521.3 =3.46 1869 «4757
1776 hd 499.8 =11¢49 1992 04561 . 59846 =4.77 1926 05462
<1834 * 0. -30.00 «2053 0. * 0. 90.00 1984 0.

Figure A.2.- Continued.
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SURFACE VELOCITIES BASED ON TANGENTIAL COMPONENTS
REDUCED WEIGHT FLOW

ALADE SURFACE 1

M VELOCITY ANGLE (DEG) w/WCR
0. 522.3 90.00 «4766
«3554E~02 9213.9 S54.66 «8339
«T774E-02 879.7 51.29 .8027
+1255€-01 911.4 47.68 . 8316
«1799E=-01 919.7 43.95 «8392
«2423E-01 909.4 39.81 . 8298
«3150£-01 879.6 35.33 «8027
+4009E-01 833.0 30.98 « 7601
«5013E-01 T77.3 2741 7092
«6189E-01 T44.0 23044 6788
e TO44E-0] 7087 18.62 <6467
+9671E-01 693.5 12.25 +6328
«1786 1096, ~11.78 1.000

BLAOE SURFACE 2

M VELOCITY ANGLE (DEG) W/WCR
«2310E-02 660.6 45.89 «6028
¢ 7994E-02 592.9 43.18 5410
«1426E-01 561.1 40.33 «5120
«2121€~0]) 539.3 37.31 «4921
«2900€-01 518.3 34.02 «4729
«3788E~01 509.7 3047 «4651
«4B07E-O1 502.8 27.18 +4588
«5973E~01 493.1 24.08 «44699
«T3I3TE~01 48447 20449 4423
«5024E-01] 475.2 1621 +4336
«1139 46641 1041 «4253

Figure A.2.- Continued.



BLADE SURFACE VELOCITIES FOR FULL WEIGHT FLOW
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200

800. 850, 900, 950.

750,
BASED ON MERIDIONAL COMPONENT

BASED ON MERIDIONAL COMPONENT
BASED ON TANGENTIAL COMPONENT

T00.
MERIDIONAL STREAMLINE DISTANCE (M) DOWN THE PAGE

650,
* - BLADE SURFACE 1, BASED ON TANGENTIAL COMPONENT

+ ~ BLADE SURFACE 1.
X = BLADE SURFACE 2+
0 - BLADE SURFACE 2»

VS.

Figure A.2.- Continuecd.
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550.
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BLADE SURFACE PRESSURES FOR FULL WEIGHT FLOW

L] M H/HMC LR Y Pl214PT £PL(1) cPT ()
24 0. 0. 9994 +9994 ~+6204E-03 =«6204E=03
25 «STI0E-02 »3125€E-~01 «6762 »8298 =-+3238 -s1702
26 o1146E-0] «6250E-01 6509 «8432 ~e3491 =+1568
e7 «1719€E-01 «9375€E-n1 26433 « 8541 ~¢J3567 =« 1459
28 «2292E-01 1250 «6479 +8610 =+3521 ~+1390
29 «2865E-01 «1563 «663] +8650 =+3369 -+1350
30 «3438E-01 «1875 6847 «8680 =+3153 =«1320
3 *4011E-01 «2188 «7073 «8695 =e2927 =+1305
32 «4584E-01 «2500 «7238 «8699 -.2762 =e1J01
k] «5157E-01 2813 « 7363 +8706 - 2637 ~el294
34 +5T30E~01 «3125 + 7450 «8713 =+2550 -+1287
35 «6303E-01 3438 7531 0724 ~e2469 =e1276
36 «68T6E-0] «3750 » 7585 8726 =:2415 ~e 1274
kYj «T449E-01 +406) « 7630 8729 -e2370 =e1271
kL) «8022E-01 «4375 « 7676 «8721 ~«2324 -e1279
39 «8595€E~01 «4688 « 7695 «8708 ~¢2305 =e1292
40 «9168E-0) «5000 7711 +8700 -.2289 =¢1300
[} +9T741E~01 «531) «1736 +«0688 =+ 2264 =e]1312
42 «1031 «5625 +» 7755 «8682 =e2245 ~«13]8
43 «1089 +5938 «7781 8682 ~e2219 =+1318
44 1146 6250 +«7813 +«0688 -.2187 =s1312
45 «1203 6563 + 7845 +869] ~e2155 =«1309
46 1261 «687S «7877 «8687 =-s2123 =:1313
(34 -1318 «71688 « 7905 8677 =.2095 ~«1323
40 1375 7500 #7932 «8660 =~e2068 =s1340
A9 «1432 «7813 « 7961 +8635 =e20239 =+ 1365
50 +1490 8125 + 7995 +«860) =«2005 = 1397
51 1547 8438 .8038 +856) ~s1962 = ]437
52 «1604 «8750 «8099 «8516 =+1901 =e 484
53 1662 9062 .8182 8455 =-.1818 =e1545
54 «1719 9375 «8287 +8336 =e1713 e 1664
55 «1776 «9688 «8420 + 7969 ~+1580 =¢2031
56 »1834 1.000 9521 «9521 =+ 4TB8E-0] ~eA788E~01
X ARRAY

«968750 «937500 «906250 «875000 «843750

«812500 «781250 +750000 «718750 «687500

«+656250 +625000 +593750 +562500 +531250

«500000 +468750 «437500 406250 +375000

« 343750 «312500 +281250 «250000 «218750

«187500 «156250 » 125000 «093750 + 062500

+031250 +031250 « 062500 + 093750 «125000

« 156250 187500 + 218750 +250000 «281250

«312500 «3A3750 «375000 «406250 «437500

«468750 +500000 «531250 +562500 +593750

+625000 «656250 «687500 «718750 « 750000

781250 «812500 «843750 +875000 +906250

«937500 +968750

Y ARRAY

598.622 $21.326 496.430 485,191 477.892

472.296 46M.296 465.933 464,826 464,715

465,422 467.225 469.987 472.202 474,379

476,622 480,225 482.606 485,388 489.992

493,694 499,052 503.092 507.060 S10.120

Figure A.2.- Continued.
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515.956
608,917
884.741
743.855
687.633
653,560
616,196
532.289

QUTPUT FROM OBJCON

5254246
871.309
849.202
7284095
680.982
6464538
606.488
499,834

OBJECTIVE FUNCTION  DIFFS

CONSTRAINT |
CONSTRAINT 2

CONSTRAINT 3

HOJl
DIFFS/wW0
BLTKS

YMAX
YMIN
DIFFP

WMB (MB0-241)
WMB {MB0=-2+2)
TECLSR

536.981
908.986
811.259
716.532
672.940
639.326
594.393

554,624
918.846
782.794
706.124
666,912
632.201
578.629

& +91885E+03
2 «49944E+03
= +18398E+01

2 J66T66E+00

«60892E+03
<464 T2E+03
+13103E+01

+53229€+03

«52133€E+03
«137064E+00

Figure A.2.- Continued.

579933
910.016
760.231
694,759
660.502
624.598
557.971
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FINAL OPTIMIZATION INFORMATION
0BJ = «170765E+401

DECISION VARTABLES (X=VECTOR!
1) =+93094E+01 +29650E+00 +»55000E+00 +95806£+00 «3289]1E~01 «51525E-02

CONSTRAINT VALUES (G-VECTOR)
1) ~+28002E+01 =-.97200E+00 ~-,14455E+02 =~.96575E-01 =.15965E+01 =-,40346E+00

THERE ARE 1 ACTIVE CONSTRAINTS

CONSTRAINT NUMBERS ARE
4

THERE ARE 0 VIOLATED CONSTRAINTS

THERE ARE 1 ACTIVE SIDE CONSTRAINTS

DECISION VARIABLES AT LOWER OR UPPER BOUNDS (MINUS INDICATES LOWER BOUND)
3

TERMINATION CRITERION
ITER EQUALS ITMAX

NUMBER OF ITERATIONS = 1
OBJECTIVE FUNCTION WAS EVALUATED 12  TIMES
CONSTRAINT FUNCTIONS WERE EVALUATED 12 TIMES

Figure A.2.- Continued.
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OPTIMIZATION RESULTS

OBJECTIVE FUNCTION
GLOBAL LOCATION 1 FUNCTION VALUE «17077E+01

DESIGN VARIABLES

D. V. GLOBAL LOWER UPPER
10 NO. VAR« NQ. B80OUND VALUE BOUND
1 1 2 ««15000E+02 =+93094E+01 0.
2 4 3 «20000E+00 «29650E+00 +60000E+00
3 3 4 «20000E+00 «55000£400 «55000E+00
4 & S «50000E+00 «95806E+00 +40000E+0])
5 S 6 «30000E~01 «32891€E-01 «10000E+00
[} ] 7 «30000E~02 »51525E~02 »12000E-01}

DESIGN CONSTRAINTS

GLOBAL LOWER UPPER
10 VAR. NO. BOUND VALUE BOUND
1 8 0. «28002E+00 «10000E+02
3 9 0. . 14455E+01 ¢16000E+01
S 10 =+10000€E+01 «59654E+00 «10000E+01

Figure A.2.~- Continued.



LOT

NO.
BLADES

34

#2# INPUT FOR BLADE ELEMENT PROGRAM e##

INLET OQUTLET TRANS . MAX.TH,

INLET CONE SOLIDITY BLADE BLADE Loc, LoC.
RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD
(L) {DEG) {DED) (DEG)

45400 666400 2.25200 52.000 -9.3094 29650 «55000

Figure A.2.- Continued.

IN/OUT
TURNING
RATE

«95806

MAX o
THICK,
/CHORD

+ 03289

LeEe
RAD,
/CHORD

«00515

T.El
RAD,
/CHORD

« 00500
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GAM
1.400000
BETAI
48,20000
REDFAC
1.000000

MBI MBO
24 56

BLADE SURFACE 1

RI1
+9958413E-03

MSP]1 ARRAY
4198824 1E-03
«1181776

THSP1 ARRAY
«1314862E-02
+1595550

BLADE SURFACE 2
RI2
»9958413E-03

AR
17164480
BETAO
0,
DENTOL
«1000000E-02

0 0

~== INPUT FOR

TIP
599.7600
CHORDF
1795132
SSM]
Oe

NBRI NBL
15 34

-- UPPER SURFACE

RO
+9663591E=-03

«6491482E-02
«1383991

«1885167€~01
»1632900

BETT]
53.17187

+1596615E~01
« 1546368

e42122264E~01
21625744

~~ LOWER SURFACE

RO2
+9663591E-03

BET12
50.81841

TSONIC BLADE-TO-BLADE FLOW SOLVER ===

RHOIP
«3345860E~02
STGRF
1534563
SSM2
0.

NRSP MOPT
13 0

BETO1

-11.06885

«2768746E-0)
«1687631

«6675356E-01
«1592733

BETOZ2
~5.477123

MSP2 ARRAY
«1767R66E~02 «8225985E~-02 «1791505E-01 «2985114E-01}
«1192385% «1388764 «1547094 «1685705
THSP2 ARRAY
~.1385046E-02 «1513937€E~01 »369184TE-01 «5973983E-01
«1471895 ¢1526932 «1541361 «1532488
MR ARRAY
=+1300000 =«5000000E~02 «5000000€=-02 «2003000E~01
«1500400 1752600 +1852600 22250000
RMSP  ARRAY
+4540000 «4540000 «4540000 «4540000
«4540000 +4540000 «4540000 «4540000
BESP  ARRAY
«5000000E-01 «5000000E~01 «4990000E~01 +4960000E=-01
«4720000E~01 «4675000E-01 +4661000E-01 «4661000E=0]
PLOSS ARRAY
0. 0. «1500000E-02 «5900000E~02
«4000000E=-0] «4700000E-01 +4800000E-01 «4B800000E-01
BLDAT AANDK ERSOR STRFN SLCRD INTVL SURVL
0 0 0 0 0 1

Figure A.2.~ Continued.

WTFL

«5700000E-02

FSMI

0.

LOPT LRvB

1 0
SPLNO1
13.00000

+4356364E~01
«1787495

¢9436997E~01]
1554091
SPLNO2
13.00000

+4593955E-01
01784377

+8493909E-0]
«1513964
+4003000E-01
22700000

«4540000
4540000

«4925000E-01
«4661000E-01

»1100000E-01
+4800000E-01

0.

FSMO

0.

¢6073413E-01}

*1178990

«6312073E~01

1063483

«B003000E-0]

«4540000

«4850000E-01

+2150000E-0]

OMEGA
0.

«7906837E-01

+1367454

«8117985E-01

«1239432

«1000300

4540000

«4815000E-0]

+3000000E-0]

ORF
1.910000

«9830693E-01

1506814

+9994522E-01

1375884

«1250300

«4540000

«4770000E~01

«3350000E-01
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RELATIVE MERIDIONAL CRITICAL REL. FLOW
VELOCITY VELOCITY VELOCITY ANGLE
AT M = FSMI AT M = FSM1 AT M = FSMI AT UPSTREAM BDY,
T45.90 497.17 1095.9 48.257
AT M = FSMO AT M = FSMO AT M = FSMO AT DOWNSTREAM BOY.
498,55 498455 1095.9 0.
FSMI = 0.
FSMO = «17951
CALCULATED PROGRAM CONSTANTS
PITCH HT HM]
«1847996 «1231997€E-01 «5609788E~-02
ITHIN ITMAX
0 27
LAMBOA DOWNSTREAM WHIRL (RVTHO)
25204466 O
REDUCED WEIGHT FLOW = +5700000E-02
NUMBER OF INTERJOR MESH POINTS = 1046
CALCULATED VELOCITY DIAGRAM INFORMATION
M w W/WCR BETA
UPSTREAM BOUNDARY 1 745.23 «68000 48,257
LEADING EDGE 24 T745.90 «68061 48,200
TRAILING EDGE 56 498455 «45491 0.
DOWNSTREAM BOUNDARY 72 499,77 «45602 0.

Figure A.2.- Continued.
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ITERATION NO. 1

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVFE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS m 90

ITERATION NO. 4

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS.= 90

ITERATION NO, 3

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH PQINTS = 89

ITERATION NO. 4

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 49

ITERATION NO. 5
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS

AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS =

NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 22

ITERATION NO, 6

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 14

ITERATION NO. 7

MAXTMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 1

ITERATION NO. R

MAXTMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS B 1

ITERATION NO. 9
MAXTMUM RELATIVE CHANGE IN DENSITY AT HLADE SURFACE POINTS

Figure A.2.- Continued.
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AVERAGE RELATIVFE CHANGE IN DENSITY AT BLADE SURFACE POINTS = .2643E-04
NUMBER OF UNCONVERGFD BLADE SURFACE MESH POINTS = 0

ITERATION NO. 10

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGFD BLADE SURFACE MESH POINTS = 0

«3138E-03 AT IM = 0 IT = 1, SURF = 1,4 M = +4069E-~02
«21026-04

Figure A.2.- Continued.
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M
0.
«5610E-02
«1122€-01
«1683E-01
2 2240E~D]
«2805€=-01
+3366E-01
«3927E-01
+448BE=01
+5049E-01
+S610E-01
«6171E=~01
«6732E-01
«7293E~01
«7854E-01
+A415E~01
«8976E=-01
«9537E=01
«+1010
«1066
1122
1178
01234
1290
«1346
1402
« 1459
#1515
«1571
<1627
«1683
«1739
1795

' EEEEREEREENENNE = NN N A IS I I I I B I I I B S I B NI

VELOCITY

B836.7
848.1}
85143
8b46,.2
A34,.5
820.3
805.2
788.7
770.7
754.2
739.3
723.5
710.8
697.6
688.8
680.9
671.6
665,13
658.7
652.0
645.0
635.7
6§29.3
622.6
615.5
6074
597.2
584,.1
567.1
548.2
533.5
0.

SURFACE VELOCITIES BASED ON MERIDIONAL COMPONENTS = REDUCED WEIGHT FLOW

BLADE SURFACE 1

ANGLE (DEG) SURF.

90.00
50.59
48.08
45.66
43.35
4l.16
39.02
36.85
34468
32450
30.30
28411
25.94
23.83
2l.78
19.78
17.80
15.84
13.91
12.00
10.10
8.23
6.38
4.54
271
«90
=92
=2.76
=461
=6.38
=8.06
“9.68
~90.00

0.
«9360E~02
«1797E~01
«26]18E~01
«3404E~0)
«4162E-01
+4895E-01
+5607E~-01
«6298E~01
»6972E~0]
«T629E~01
«8272€-01
«8901E-01
»9520€-01
«1013
1073
«1132
1151
1249
«1306
1363
« 1420
<1477
«1533
»1589
«1646
1702
21758
+1814
+1870
01927
«1984
2043

Figure A.2.- Continued.

LENGTH

W/WCR
0.
«7635
«7739
<7768
« 7721
« 7615
« 7485
« 1347
«7197
«7032
+6882
«6745
6602
«6486
«6365
«6285
6213
6128
«6070
«6011
+5949
+«5885
+5801
«5Té2
«5681
«5616
+5542
«5450
«5330
5175
«5003
«4868
0.

I TEEEEREEEERREIEE I AN I I S I B I I B BN I B R A B R B

VELOCITY

0.

632,.9
599.0
564,.0
540,.8
522.7
508.1
49641
487.9
479.5
473.5
467,.1
462,5
457.2
453.8
449.7
447.5
445.6
442,6
441,0
439.8
439,2
€37.8
438,7
440.7
LIT ¥ ]
449.0
455.5
463.5
475.4
50045
585.9
0.

BLADE SURFACE 2

ANGLE (DEG) SURF. LENGTH

=90.00
48.96
46,37
43.89
41.52
39.21
36.98
34.83
32,77
30.82
2B.92
27.10
25,34
23,59
21.87
20.17
18,48
16,82
15.19
13,57
11.97
10.39
8,82
T.25%
5.69
4.2
2,60
1.13
~e29
=-1.92
=3.80
~5.24
%0.00

0.
»6851E~02
«1518E-01
+2313€=-01
«3077E=-01
«3813E-01)
+4#526E-01
«5218E=-01
«5893E=-01
«6553E~01
«7200E~01
+783SE-01
«8461E~01]
«90T7E=0)
«9685E=01
.1029
.1088
01147
«1205
1263
1321
1378
<1435
«1491
1548
21606
« 1660
1717
<1773
1829
+1885
«194]
«1998

W/WCR
0.
+5775
5666
«5147
«4935
«4769
« 4636
«4527
« 4452
«4375
«4320
+4263
«4220
4172
hla]
4104
«4083
+ 4066
«4039
4024
+4013
4007
+3995
«4003
04021
»4052
+4097
o4]156
«4230
«4338
+4567
5347
0.

LRI I B BN IR R N LI B 2 e e d T EEBEE S EEELEESTE LR N 2
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SURFACE VELOCITIES RASED ON TANGENTIAL
REDUCED WEIGHT FLOW

M
0.

«4069€-02
«8721E=02
«1374E-01
«1918E-01
«2507€E~01
«3149E-01
«3852E-01
«4631E-01
+«5512E=01
«6534E-01
«T7T768E-01
«9369E=-01
«1202

*1658

M
«2283E-02
«TOT4E-02
«1227E~01
«1793E~01
0 2412E-01
«3092E-01
«3845E-01
«4688E-01
+563%E~01
«6T34E=01
«8031E-01
2 9666E-01
«1210

BLADE. SURFACE

VELOCITY
53R.5
923.1
83846
850.8
851.5
84443
831.4
81544
787.7
76840
738.9
713.0
687.7
65646
603.2

BLADE SURFACE 2
ANGLE (DEG)

VELOCITY
729.0
62446
58147
552.8
530.1
51146
496.7
481.2
467.9
45647
447.8
438.6
432.7

ANGLE (DEG)

90.00
51431
49419
46498
4469
42431
39.85
37.15
34.13
30.68
26.70
22408
16442

Te45
=733

50457
4B8.27
45490
43.42
4De82
38.06
35.13
32.07
28.82
25.33
21433
16444

9.51

COMPONENTS

wW/WCR
«4913
«8423
«7652
« 7763
7770
7704
» 7587
«T440
.7188
.7008
6742
«6506
«6275
«5992
5504

W/WCR
«6652
«5700
5308
5044
4837
4669
4532
#4390
4270
bl67
<4086
«4003
«3948

Figure A.2.- Continued.
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M

24
25

27
28
29
30
31
32
33
34
35
36
37
38
39
40

42
43
L)
45
46
47

49
50
51
52
53
54
55
56

0.
«5610F-02
«1122F=-01
«16A3F-n1
«2244€-01
«2805E-01
+3366€-01
«3927€-01
«44B8E-n]
«5049E=-01
«5610E-01
«6171E-01
«6732E~01
«7293F=-01
«7854E-01
+8415E~01
«8976E~01
+9537€E~01
1010
<1066
1122
1178
1234
1290
1346
1402
1459
«151%
+1571
1627
«1683
«1739
1795

M/MC

Ne
«3125E-01
06250E-01
«9375E-01
«1250
«1563
+1875
«2188
«2500
2813
3125
3438
«3750
4063
4375
+46R8
«5000
«5313
+5625
«5938
26250
26563
+6875
«7188
«7500
«7813
«8125
«8437
«8750
8062
9375
+96R7
1.000

BLADE SURFACE PRESSURES FOR FULL WEIGHT FLOW

PL1)/PT

<9994
« 6981
6899
«6867
6887
«6949
.7028
RARE!
«7203
7303
«7392
<7469
«7549
7608
« 7666
7695
«7718
« 7749
«7768
« 7793
»7823
« 7855
« 7899
«7925
« 7949
. 7972
« 7999
8033
.8082
+8l48
8222
8278
«9525

P{2)/PT

«9994
«8173
«8337
«B496
«8593
«8663
«8717
«8759
«B784
«8810
«8825
8839
+8845
+8851
+«B8846
+8840
8826
.8811
8806
«8801
8799
«8797
«8797
8785
«8766
«8740
«8705
«8663
«8614
«8551]
«8433
8035
«9525

CPTL1)

=«6204E-03
=«3019
-e3101
-+3133
~+3113
=+3051
-.2972
=-.2889
~e2797
=e2697
~¢2608
=.2531
~+2451
-+2392
=¢2334
~¢2305
=-.2282
-e22851
-.2232
=+2207
-.2177
=.2145
~e2101
=~ 2075
~+2051
-.2028
=+2001]
=+1967
-.1918
~.1852
=e1778
-e1722
=~e4T55E-01

Figure A.2.- Continued.

CPT(2)

-e6204E-03
~.1827
-¢1663
~+1504
-+ 1407
=¢1337
~e1283
=e1241
=~.1216
=+1190
=«1175
~ell6l
=+1155
=e1149
=e1154
=«1160
=e1174
-«1189
-e1194
'01199
=.1201
~«1203
-e1203
-s1215
=e1234
~e1260
~e1295
=+1337
~+13686
‘cl“9
'01567
=«1965
~s4T55€E-01
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RESULTS OF COMPUTATIONS ON BASE SOLUTION:

seeesMACH NUMBER,
VALUES OF PERTURBATION PARAMETERS,
CRITICAL VALUE OF wM:

MO = .1000

Qo) = ~9.3094 ( KOCR )
Qo(2) = «2965 ( T )
Q0(3) = «5500 ( M )
Qo{4) = +9581 ( P )
Q0(5) = 0329 ( TMX )
Q0(6) = « 0052 { THLE )

WHCRIT =-66.8587

+000eLOCATIONS OF MIN.s MAX,s» AND CRITICAL PTS.
(* DENOTES PQINT ON LOWER SURFACE)

MINIMUM AT X = ,6B75* (POINT NO, 10}
MAXIMUM AT X = L0937 (POINT NO, 34)

eoso e LOCATION OF FIXED POINTS
(* DENOTES POINT ON LOWER SURFACE)

XFIX(1) = l1.0000%

XFIX(2) = .0937

XFIX{3} = 1.0000

X ARRAY
«968750 «937500 906250 «875000 «843750
«812500 «TA1250 «750000 « 718750 «687500
« 656250 +625000 «593750 «562500 «531250
+«500000 «468750 «437500 «406250 «375000
«343750 «312500 281250 «250000 218750
+187500 «156250 «125000 « 093750 « 062500
«031250 «031250 «062500 «093750 »125000
+156250 = 187500 «218750 +250000 «281250
«312500 +343750 «375000 «406250 +437500
«468750 «500000 »531250 »562500 «593750
«625000 +656250 «687500 «718750 «750000
«» 781250 «812500 «843750 «875000 «906250
«937500 968750
Y ARRAY

585.946 500.526 475384 463.538 455.453
448.954 444,034 440.692 438,692 437.817

Figure A.2.- Continued.
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439.170
4470463
467,147
508,106
632.856
RI4,503
754.190
688,798
651,996
615.503
548,249

OQUTPUT FROM OBJCON

439,833
449,745
473.460
522.699
836.747
820.308
739.256
680.850
6444996
6070355
533.506

O0BJECTIVE FUNCTION  DIFFS

CONSTRAINT 1
CONSTRAINT 2

CONSTRAINT 3

wo
DIFFS/%0

BLTKS

YMAX
YMIN
DIFFP

WMB (MBO=2+1)
WMB (MB0-2+2)
TECLSR

441,032 442,598
453.791 457,230
479,521 487.914
540.850 564,034
B4B.134 8514345
805,229 788,747
723.486 710.818
6714634 665,267
635,734 629,278
597.245 5084.097
=  «85135E+03

£ JA9RSSE+03

= L17077€E+01

= ,2B002E+00

= +632B6E+03
= L,43782E+03
s .14455E+01

= +54A25E+03
= +50053E+03
= +59654E+00

Figure A.2.- Continued.

445,557
4624531
4964105
599.017
8464151
770.703
697,563
6584725
622,630
567.118



UNTT PERTURBATION OF wM AND UNIT STRAINING OF XBASE

FOR CALIBRATION SOLUTIONS 1 THROUGH S

8T1

POINT

ot gt et et et
VHNFPRFPWN=OOINONE W~

WWNNVNNNNNN DN
— o VENRPN W~

W
N

33

XBASE

«9687
9375
«8062
<8750
«8437
«8125
«7813
+ 7500
.7188
«6875
«6563
6250
«5938
+»5625
«5313
«5000
4688
«4375
4063
+3750
3438
«3125
«2813
#2500
«2188
«1875
1563
1250
+0938
« 0625
«0313
«0313
«0625
«0937
1250
«1563
«1875
+2188
«2500
2813
+312%
«3438
«3750
4063
+4375
+4688
«5000
«5313
«5625
+«5938
«6250
«6563
«6875
7188

® 1ST CALR SOLN ®

XSTRUNIT

«96R7
«9375
«9062
«8750
8437
«B125
«7813
« 7500
«7188
«6875
«6563
«6250
«5938
«5625
«5313
«5000
«4688
«4375
«4063
«3750
«3438
3125
»2813
#2500
«21A8
+1875
«1563
« 1250
«0938
0625
+0313
«0313
+ 0625
« 0937
«1250
1563
«1875
«21R8
«2500
2813
#3125
»3438
#3750
4063
«4375
«46AB
«5000
«53)3
<5625
5938
«6250
«6563
6875
.7188

WMUNIT

-20,0835
=-2,0339
=1,5704
~1.15641

-¢5654
~.0083
24519
+«8409
1.1920
1.5444
1.7105
1,9518
2.1692
2.3808
2.4946
2.6598
2.8328
2.9307
2.8725
-1.1870
3.4304
33,4417
3.5360
3.5962
3.6615
3.7119
3.7645
3.8190
3.8704
440452
3.7273
=-2.0986
~1.7847
=1.3110
=«7343
~. 0684
«5535
1.0858
1.4408
1.6988
1.8322
1.R675
1.R318
1.7831
1.,6282
1,4959
1.,4538
1.2463
1.1544
1.0832
1.0269
1.4608
9389
9441

® 2ND CALB SOLN *

XSTRUNIT

+«9687
+9375
«9062
«8750
8437
«8125
+7813
«7500
«7188
«6875
«6563
«6250
«5938
+5625
«5313
«5000
+ 4688
4375
«4063
«3750
«3438
«3125
«2813
22500
2188
1875
1563
«1250
.0938
« 0625
#0313
«0313
« 0625
+ 0937
«1250
+1563
«1875
«2188
2500
«2813
«3125
3438
«3750
+4063
«4375
«4688
+5000
«5313
«5625
«5938
«6250
«6563
«6875
-7188

WMUNIT

-12.3557
«3504
-1.8310
~2.8760
-3.2252
=3.2979
=3.2944
-3.2652
~3.1984
=3.0260
=2.7491
=2.5167
~2.2244
~1.8467
=1.4206
=e9420
“e3770
«3384
le1044
1.6390
1.2143
=e2424
1.7374
11.6855
28.8759
49.8522
63.6612
67,6203
67.8533
64,1781
59,1752
20,0463
5941447
75.5428
86,0979
76.0690
25.7422
~37.4853
=54 .6629
«40.,9663
-7.2238
12,3028
18,5201
17.1651
13.5137
12.4504
12.2531
11.9896
1144311
10.5534
9.3045
9.0808
T.4211
6.8230

* 3RD CA
XSTRUNIT

9687
«9375
«9062
«8750
«8437
8125
«7813
« 7500
«7188
«6875
«6563
«6250
«5938
+5625
+5313
«5000
«46R8
«4375
«4063
«3750
«3438
#3125
«2813
«2500
2188
1875
1563
+1250
+0938
«0625
«0313
+0313
« 0625
«0937
«1250
«1563
«1875
2188
2500
.2813
«3125
3438
«3750
«4063
«4375
+4688
+5000
«5313
«5625
«5938
06250
«6563
<6875
«718R

LB SOLN e
WMUNIT

«7336
2240747
32.2313
39.4171
4444573
47.7861
49,9671
51.3220
51.9009
51.5705
50.4412
48.7109
45.8657
41.5757
347531
27.1473
18.3364

845195
~241194
-18.8717
=42.9978
-82.2106
-121.3626
-170.1902
=213.2488
~259.9132
-294.5792
=314.5814
=-323.8562
=318,0546
=306,1475
38.5597
~147.0558
-243.1517
=29840271
=316.0947
~294.0541
~251.8086
=211.5466
=164.2406
~120.1525
=91.4976
=70.0210
=55.8055
~4241093
=26.6607
-10.9074
4.2757
16.9513
27.4695
35.A149
43,1271
452767
4R.1426

® 4TH CA
XSTRUNIT

+9679
«9357
«9036
«8716
+8393
«8071
«7750
« 7429
7107
«6786
6464
v6143
«5821
+5500
+5179
4857
+4536
4214
+3893
»3250
»2929
2607
«2286
«1964
«1643
1321
«1000
0679
«0357
0036
«0607
+ 0929
«1250
«1552
«1853
«2155
02457
«2759
«3060
3362
+ 3664
«3966
«4267
«4569
«4871
5172
«5474
5776
<6078
«6379
<6681
«6983
« 7284

Figure A.2.- Continued.

LB SOLN ¢
WMUNIT

49,8051
3144676
32.5262
33.1910
33,0680
32.3865
3142294
29.7367
27.8109
24,0298
22.6987
20.1833
17.5319
1243536
9.6214
4.7197
=-3.8576
=8.7994
-19.8105
~28.,8464
~49.4112
~T73.9244
=100.9777
=129.5244
~168.5015
=-199,0200
=-227,0555
~256.8217
=313.1910
-301.6170
=390,5942
53,0857
5549563
57.6540
44,6364
6.7466
=32.6152
~67.3864
~90.,1078
~107.1067
=113.3012
=110.1136
-104,1926
=94.5723
-91.3018
=B81.2246
~76.0135
~T72.4756
~60.5006
~54.5505
~48.5193
~40.0172
=39.3476
~35.3002

® STH CALB SOLN e

XSTRUNIT

9687
«9375
«9062
«8750
+B437
«B125
7813
«7500
+T188
«6875
6563
+6250
«59238
+5625
«5313
«5000
+ 4688
«4375
«4063
3750
«3438
«3125
«2813
+2500
.2188
«1875
«1563
«1250
«» 0938
« 0625
+0313
0313
« 0625
« 0937
«1250
+ 1563
#1875
«2188
«2500
«28)3
«3125
«3438
« 3750
«4062
+41375
«4688
«5000
«5313
«5625
+«5938
6250
«6563
«6875
7188

WHUNIT

~134,3581

3215647

65343391

730.8362

869.5636

982.7536
1083,0267
1177.6278
1266.5219
1346.7744
1436,6945
1513.6100
1584.0968
1644,2614
1711.4227
1760.2479
1797.3748
1849.8007
1905.3349
2411.891¢
1914.4488
2377.3086
1799.7259
1750.2485
1673.8101
1603.4360
1542.7842
1493,5615
1439.4028
1395.2751
1315.1689
«774.5666
~245.9485

128.23677

439,0277

734.5830
1034,.5656
131944035
1533,4164
1716.9271
1866.5859
1949.5734
1996.9997
202140725
2006.4598
2010.8281
201444030
1961.1819
1922.7421
1865.9004
1793.9780
1744.0449
1578.7011
16464,1293
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55
56
57
58
59
60
6l
62

«7500
7813
«8125
«8437
«8750
«9062
«9375
«9687

«7500
«7813
«8125
«84137
«R780
9062
«9375
«96A7

l1.n328
1.2671
1.6887
2.3181
3.1611
%.3495
=.8723
24,4162

« 7500
27813
«8125
+8437
«8750
«9062
+9375
9687

6.3076
5.8215
5.4206
5.0341
445903
39949
4,0644
8.5940

«7500
«7813
«8125
8437
«8750
9062
«9375
«9687

49.1325
48.2877
45.5817
4046758
33.2001
227723
943163
=15.1745

« 7586
«78AR8
«8190
«8491
«8793
«5095
«9397
«9698

Figure A.2.- Continued.

=31.5621
-27.9952
~264.4539
-21.2165
~18.9875
~18.1252
=13.,9357
-38,7317

+ 7500 1334,]1984
#7613 1190.4777
«8125 1030,4991
+8437 B846,509)
«8750 630,1062
«9062 376.1257
9375 73,0336
+9687 -419.8816



UNIT PERTURAATION OF WM AND UNIT STRAINING OF XBASE

FOR CALIBRATION SOLUTIONS 6 THROUGH 6

021

POINT

ot ot bt ot Gt ot ot bt ot
OVENPNSIWN~OODRNONS WN -

NN
LK -]

NN
wn

XBASE

«9687
«9375
«9062
«8750
«8437
8125
«7813
«7500
«7188
+6875
«8563
6250
«5938
+5625
+5313
«5000
+A688
«4375
24063
«3750
+»3438
<3125
«2812
«2500
+2188
«187S
+1563
«1250
«0938
0625
«»0313
+0313
« 0625
« 0937
»1250
+1563
+1875
»2188
«2500
2813
«3125
«3438
«3750
«4063
«4375
«4688
«5000
«5313
«5625
+5938
6250
+6563
«6875
.7188

® 6TH CALR SOLN @

XSTRUNIT

«9687
«9375
«9062
«8750
«84137
«8125
«7813
«7500
«7188
«6875
«6563
6250
+5938
+5625
«5313
+5000
+«46R8
4375
«4063
«3750
+3438
«3125
2813
«2500
2188
«1875
»1563
1250
<0938
« 0625

WMUNIT

85,4341
=195,5425
-73.2089
=-103.,2774
-137.1931
=-130.1613
=110.6727
-99,2898
-98,7822
=106.3977
-93,3852
=-88,7640
~82.9426
-80,.9244
~70.7242
-68,5586
=68.1042
-40.0619
~24,6671
~8.,0421
=55.7364
~139,4742
-218.3122
=304.8216
=363.2004
~220.2327
179,5793
972.0918
2388,4336
6013,0030

«031310829.3858

«0313
«0625
« 0937
«1250
«1563
« 1875
«2188
«2500
«2813
«3125
3438
3750
«4063
«4375
«4688
5000
#5313
5625
«5938
6250
6563
«6875
7188

4319,9999
974.4519
~336,1720
~849,5837
-863.6749
~370.,0835
321.6473
678.9298
973.2190
1123.6623
1043.2128
941,1998
759.0115
62149917
507.6942
403,457}
357.8155
304.2645
258.3880
218.,0293
132.6033
150.2109
125,2795

Figure A.2.- Continued.
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55
a6
57
58
59
60
61
62

«7500
.7813
8125
«8437
8750
9062
#9375
+9687

<7500
7813
«R125
«8437
8750
«9062
9375
«9687

109.5129
108,1062
118.9669
116.,0773
66,5779
1.4576
~-18,1001
4641274

Figure A.2.- Continued.
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L 20E I JEY K JEY K BN DR 2k B N 2N IR IR JEE JEE JER JEE NN JEK JEE NN R AN AR

CONMIN

CONSTRAINED FUNCTION MINIMIZATION

* & % %85 % 3 s

*
L ]
L ]
FORTRAN PROGRAM FOR [
L ]
-
L3
L3

L JEE TN JEE K I B B N 2R 2R R N X R B 2N B BN 2R BB EE N B BN

CONSTRAINED FUNCTION MINIMIZATION

CONTROL PARAMETERS

IPRINT NDV 1TMAX NCON NSIDE ICNDIR NSCAL NFDG
S 6 6 6 1 7 =2 [}
LINOBY [ITRM N1 N2 N3 Né& NS
0 3 -] 18 20 20 40
cT CTMIN CTL CTLMIN
~+10000E+00 +40000E-02 ~+10000E-01 «10000E-02
THETA PHI DELFUN DABFUN
«10000E+01 «50000E+01 «10000E~03 «17077E-02
FOCH FDCHM ALPHAX ABOBJ1
«10000E-01 +10000E~02 «10000E%00 «50000E-0]
LOWER BOUNDS ON DECISION VARIABLES (VLB)
1) =«15000€E+01 «80000E+00 ch4444E400 +33333E+00 «60000E+00 «60000E+00
UPPER BOUNDS ON DECISION VARIABLES (vuB)
1 0. «24000E+0] «12222€+01 «2666TE+0] «20000E+01 +24000E+01
SCALING VECTOR (SCAL)
«1000E+02 «2500E+00 «4500E+00 «1500E+01] «5000E-01 «5000E-02
ALL CONSTRAINTS ARE NON-LINEAR
INITIAL FUNCTION INFORMATION
0BJ = «17076SE+01
DECISION VARIABLES (X=VECTOR)
1} =+93094E+01 229650E+00 «55000E+00 +95806E+00 +32891E~01 +51525E-02
CONSTRAINT VALUFS (G~VECTOR)
1 =+2B8002E+01 =+97200E+00 ~,14455E+02 =.96575E=01 =-.15965E+0]1 =-.40346€+00

Figure A.2.- Continued.
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BEGIN ITERATIO

CT = ~+10000

NO.
BLADES R

34

X ARRAY
«968750
«812500
+656250
«500000
+ 343750
«187500
«031250
«156250
«312500
+468750
+625000
«781250
«937500

Y ARRAY
584.076
448,954
439.329
447,710
467.467
508,451
633.203
834,497
754,360
688.937
652.092
615.621
548.168

QUTPUT FROM OBJCON

OBJECTIVE FUNCT

CONSTRAINT 1

CONSTRAINT 2

CONSTRAINT 3

N NUMBER 1

E+00 CcTL =

INLET CONE
ADIUS ANGLE
(L) (DEG)

«45400 606640

«937500
« 781250
+625000
«468750
«312500
«156250
«031250
« 187500
+343750
+500000
656250
«812500
«968750

$00.337
4440076
440,014
450.009
473.780
623.050
836.552
8204359
739.430
680,986
645132
607.512
535779

ION DIFFS
w0
DIFFS/W0
BLTKS
YMAX
YMIN
DIFFP

WMB (MBO-2+1)
WMB (MB0=-2+2)

=+10000E~01 PHI = «50000E+01)

#se INPUT FOR BLADE ELEMENT PROGRAM ®®s

INLETY QUTLET TRANS . MAX . THe IN/OUT MAX o LeE,

SOLIDITY BLADE BLADE Loc, LoC. TURNING THICK, RAD,
ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD
{DEG) {DEG)

0 2425200 52.000 =-9.2163 +29650 +55000 «95806 «03289 «00515

906250 +«875000 «843750
«750000 « 718750 «687500
«593750 +«562500 +531250
«437500 «406250 «375000
«281250 «250000 +218750
«125000 093750 2062500
+062500 «093750 «125000
+218750 +250000 281250
+«375000 «406250 «437500
«531250 «562500 «593750
687500 «718750 750000
«B43750 «875000 «506250
475,238 463.430 455,400
440,771 438.803 437.961
441.234 442,820 445.789
454,064 457497 462.420
479,851 4B8.249 496,446
541.205 564,395 599.393
847.968 85}1.223 846,083
805,330 788.882 T70.861
723.656 710.984 697714
671.750 665,374 658.826
635.822 629,366 622.726
597.461 5844391 567.523
= L,85122€+03

T L49855E+03

= J17074E+01

= «27996E+00

= +63320€E+03

= +43796E+03

= <14458E+01

= «54B17E+03

= +50034E+03

Figure A.2.- Continued.

TeEe
RAD.
/CHORD

+ 00500
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TECLSR = «59789E«00

#ae¢ INPUT FOR BLADE ELEMENT PROGRAM #a«

INLET OUTLET TRANS. MAXaTH, IN/OUT MAX . LeEe TeEo
NO. INLET CONE SOLIDITY BLADE BLADE LoC, LoC. TURNING THICK. RAD. RAD.
BLADES RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD /CHORD
1% {DEG) {DEG) (DEG)
34 «45400 666400 2.25200 524000 ~9.3094 «29946 +55000 «95806 «03289 «00515 +00500
X ARRAY
+968750 «937500 «90625¢0 «875000 «843750
«812500 «781250 750000 «718750 -687500
«»656250 +625000 +593750 +562500 «531250
«500000 +46B8750 «437500 2406250 «375000
» 343750 «312500 281250 «250000 218750
«187500 «156250 125000 «093750 « 062500
»031250 +03125¢0 +062500 +09375¢ «125000
+156250 «1A7500 2218750 «250000 «281250
«312500 «343750 «375000 «406250 +437500
+468750 «500000 +531250 «562500 «593750
«625000 656250 «687500 718750 +750000
«781250 «812500 843750 «875000 +906250
«937500 «96875¢0
Y ARRAY
585.909 500.527 475.378 463.529 4556444
448,945 4460024 4400683 438.683 437.808
439.162 439,825 441,025 442,593 445.553
447.460 445,744 453,792 457.233 462,536
467,151 4T3.459 479,527 4B87.949 496,191
508.253 5224888 541.050 S64.235 599.207
633,031 836.807 848.310 851.569 846,407
834,729 A20.384 805,118 7884585 770581
754.168 739.293 7234541 710.869 697,603
688.835 680.887 671,669 665,301 658,757
652,024 645.023 635,756 629,298 622.649
615.521 607.371 597.260 5844111 567.130
5484261 533.53)

OUTPUT FROM 0BJCON

OBJECTIVE FUNCTION DIFFS = +85]57E+03
w0 = +49855E+03

DIFFS/W0 = ,17081E+01

CONSTRAINT 1 BLTKS = «28326E+00
CONSTRAINT 2 YMAX = <63303€+03
YMIN = +437Bl1E+03

DIFFP = «14459E+01

CONSTRAINY 3 WMB (MBO~2¢1) = S4B26E+03
WMB(MBO=-2+2) = ,50053€+03

Figure A.2.- Continued.
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TECLSR

= +59667E+00

#ss [NPUT FOR BLADE ELEMENT PROGRAM w##a

INLEY OUTLET TRANS . MAXeTH, IN/OUT MAX .o LeEe
NO. INLEY CONE SOLIDITY BLADE BLADE Loc, Loc. JURNING  THICK, RAD.
BLADES RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD
() (DEG) (DEG) (DEG)
34 «45400  6.,66400 2.25200 52.000 ~=9.3094 29650 «54450 +95806 +03289 +00515
X ARRAY
«968750 «937500 906250 «875000 +843750
«812500 «781250 «750000 «718750 «687500
+656250 «625000 «593750 «562500 +531250
«500000 « 468750 «437500 406250 «375000
+343750 «312500 «281250 «250000 +218750
+187500 « 156250 «125000 «093750 « 062500
+031250 « 031250 +»062500 +093750 +125000
«156250 « 187500 «218750 250000 «281250
312500 «343750 «375000 «406250 +«437500
«468750 «500000 .531250 +562500 593750
+625000 +656250 «687500 «718750 « 750000
«781250 812500 «843750 «875000 906250
«937500 +968750
Y ARRAY
585.942 500.405 475.206 463,321 455.209
448,692 443.759 440.410 438,407 437.534
438.893 439,565 440.779 442.369 445,366
447,313 449,644 453.744 457.241 462,635
467,384 473.912 480.189 488.85] 497.278
509.535 5244319 542.580 565.816 600.766
634,540 A36.535 848,943 852.683 847,75}
836.242 821.925 806.614 789.911 771.606
754.851 739.759 723.871 711.125 697.795
688,945 680.910 671.610 665,174 6584574
6514799 644,759 635,485 629.013 622.360
615.238 6074104 597.022 583.914 5664993
548,198 533.589
OUTPUT FROM O0BJCON
OBUECTIVE FUNCTION DIFFS *  +85268E+03
WO =  .49855E+03
DIFFS/W0 = o17103E+01
CONSTRAINT 1 BLTKS = +3041BE+00
CONSTRAINT 2 YMAX = +63454E+03
YMIN = +43753E+03
DIFFP = 414503E+01
CONSTRAINT 3 WMB (MBO=2¢1) = .54820E+03
WMB (MBO-2+2) = .50040E+03

Figure A.2.- Continued.

T.EI
R‘DI
/CHORD
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NO.
BLADES

34

X ARRAY
968750
«812500
«656250
«500000
«343750
«187500
«031250
«156250
«312500
468750
+625000
« 781250
+937500

Y ARRAY
586.337
449.235
439,395
447,543
466.803
506,576
6324376
834,089
752.705
687.856
651,430
615,166
548,079

TECLSR =

INLET CONE.
RADIUS ANGLE
() (DEG)

45400 6.66400

«59741E+00

®##s INPUT FOR BLADE ELEMENT PROGRAM ®#s

INLET
SOLIDITY BLADE
ANGLE
(DEG)

2225200 52.000

«937500 906250 875000
«781250 +750000 «718750
«625000 «593750 «562500
468750 437500 «406250
«312500 281250 «250000
«156250 «125000 «09375¢
«031250 «+062500 +093750
«187500 «218750 «250000
+» 343750 «375000 «406250
500000 531250 «562500
656250 «687500 «718750
«812500 «843750 «875000
968750

500777 4754659 463.823
4440309 440.961 438.951
440.040 4414220 442,758
449,777 453.767 457,140
472.880 4T8eTh3 #86.863
521.012 539.030 562,063
837.637 848,781 851.710
819.507 804.075 787.352
737.799 722.181 709.606
679.943 670.825 664.577
6440488 635,279 628,867
607.047 596.962 583.832
533.116

QUTPUT FROM 0BJCON

O0BJECTIVE FUNCTION  DIFFS

CONSTRAINT 1
CONSTRAINT 2

CONSTRAINT 3

w0
DIFFS/w0

BLTKS

YMAX
YMIN
DIFFP

WMB (MB0=2,1)
WMR (MBO=242)

«85171E+03
+49855E+03
«17084E¢01

+27981E+00
«63238E+03
«43806E+03
+»14436E+0]

«54808E+03
«50078E+03

OUTLET TRANS . MAX.TH, IN/OUT MAX. LeEo
BLADE LoC, LoC. TURNING THICK., RAD.
ANGLE /CHORD /CHORD RATE /CHORD /CHORD
(DEG)

=9.3094 «29650 «55000 96764 «03289 «00515

«843750
+687500
»531250
«375000
«218750
«062500
«125000
281250
«437500
«593750
«750000
906250

4554737
438,061
445.677
462,344
494,787
597.128
846.170
769.212
696.498
6584097
622258
5664876

Figure A.2.- Continued.

/CHORD

«00500
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TECLSR = «59128E+00

#es INPUT FOR BLADE ELEMENT PROGRAM ®es

INLET OUTLET TRANS, MAX+THe IN/OUT MAX. LeEs TeEe
NO. INLET CONE SOLIOITY BLADE BLADE LocC. LocC. TURNING THICK. RAD. RAD.
BLADES RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD /CHORD
() (DEG) (DEG) (DEG)
34 45600 666400 2.25200 52.000 =9,3094 +29650 «55000 +95806 «03389 «00515 «00500
X ARRAY
«968750 +937500 «906250 «875000 «843750
+812500 «7A1250 «750000 «718750 «687500
656250 «625000 «593750 +562500 «531250
«500000 «468750 +437500 «406250 «375000
«343750 «312500 «281250 «250000 «218750
«187500 «156250 «125000 «093750 062500
«031250 2031250 « 062500 «+ 093750 «125000
«156250 «1R7500 «218750 +250000 «28125¢0
«312500 «34375¢9 «375000 + 406250 +437500
+468750 «500000 »531250 562500 «59375¢
625000 +656250 «687500 «718750 «750000
«781250 «812500 +»843750 «875000 «906250
+937500 +»968750
Y ARRAY
585.812 500.848 475.937 464,269 456.323
449,937 445,117 441,870 439.959 439,164
440,607 hh1.346 442,616 44460242 447,268
449,223 4#51.543 455,641 459.135 464,943
469.062 4754837 481,321 489.665 497.779
509,709 S24.262 542.343 565.474 600.412
634,171 835.973 847.88R 851,474 846,591
835,238 821.342 806.548 790.281 772.420
756.056 T41.206 725.483 712.839 699,569
690.809 682.R65 673.595 667.190 660,591
653.790 646.740 637,313 630.742 623,964
616,694 6084385 598.092 S84.727 56T«494
548,322 533.086

QUTPUT FROM OBJCON

OBUECTIVE FUNCTION DIFFS = «B5147E+03
w0 =  «49855E+03

DIFFS/®W0 = ,17079E+01

CONSTRAINT 1} BLTKS 2 .29081E+00
CONSTRAINT 2 YMAX = «+63417E+03
YMIN = «43916E+03

DIFFP = o 14440E401

CONSTRAINT 3 WMB(MBO=2+1) = .54832E+03
WMB (MB0O=2+2) = +50085E+03

FPigure A.2.- Continued.
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NO.
BLADES

34

X ARRAY
+968750
812500
«656250
«500000
«343750
«187500
.031250
«156250
312500
«468750
625000
«781250
«937500

Y ARRAY
5864031
448.824
439.077
447,394
467.092
S07.885
643.685
833.639
755.314
689,306
652.214
615.612
548.231

TECLSR =

INLET CONE
RADIUS ANGLE
) (DEG)

«45400 6066400

+59343E+00

#a» INPUT FOR BLADE ELEMENT PROGRAM w#s

INLET OUTLET TRANS., MAX+TH. IN/OUT MAX . L.E.

SOLIDITY BLADE BLADE Loc, Loc. TURNING THICK. RAD.
ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD
(DEG) {DEG)

2025200 52.000 ~9.3094 229650 +55000 +95806 «03289 00615

937500 +906250 «B875000 +843750
«781250 «750000 +«718750 687500
«625000 +«593750 2562500 «531250
«468750 +437500 «406250 «375000
312500 «281250 +250000 +218750
156250 «125000 +093750 +062500
.031250 « 062500 «093750 125000
» 187500 «218750 250000 «281250
»343750 «375000 0406250 437500
«500000 «531250 562500 «593750
«656250 «687500 «718750 « 750000
«812500 «843750 «875000 906250
«968750

5004331 475,311 463,435 4554316
443,923 4404593 438.594% 437.711
439,744 4404949 442.517 445,486
449,677 453.751 457.205 4620523
473.320 479.303 487.610 495,742
522.879 S541.82?2 566.423 605,030
841.067 849,109 851.009 8454302
819.938 8054551 789.426 771.676
7404299 T24.427 T11.577 698.185
681.254 671991 665,571 6580984
645,128 635,885 629.403 622.739
607474 597.362 584.164 567.120
5334552

OUTPUT FROM OBJUCON

0BJECTIVE FUNCTION DIFFS

CONSTRAINT 1

CONSTRAINT 2

CONSTRAINT 3

wo
DIFFS/w0

BLTKS

YMAX
YMIN
DIFFP

WMB (MR0=2+1)
WMB (MBO~24 2)

«85]101E+03
+49855E+03
«17070E401

«423B6E+00
«64369E+03
«43771E+03
«14706E+0}

«54823E+03
«50033E+03

Figure A.2.- Continued.

TeEe
RAD.
/CHORD

« 00500



6Ct

TECLSR = ,59876E+00
THERE ARE 1 ACTIVE CONSTRAINTS
CONSTRAINT NUMBERS ARE
L3
THERE ARE 0 VIOLATED CONSTRAINTS
THERE ARE 1 ACTIVE SIDE CONSTRAINTS
DECISION VARIABLES AT LOWER OR UPPER BOUNDS (MINUS INDICATES LOWER BOUND)
3
GRADIENT OF 08J
i) =+26392€~01 «37807E=0) =~,21940E+00 «11434E+00 +12830E-01 =.33759E-02
GRADIENTS OF ACTIVE AND VIOLATED CONSTRAINTS
CONSTRAINT NUMBER 4
1) «21332E~01 ¢226B0E=0] ~,24471E+00 ~.18588E+00 =.44941E-0] «T84]14E~0)
SIOE CONSTRAINT ON VARIABLE 3
n [ 0. +10000E+01 0. 0. 0.
PUSH=OFF FACTORSe (THETA(1)s Ix=]sNAC)
t) «11730E-02 0.
CONSTRAINT PARAMETERy BETA = +36299E+00

SEARCH DIRECTION (S-VECTOR)
[ «3J2046E+00 =.10000E+01 «39056E~]13 <~.4388TE+00 «19546E+00 =~.72800E+00

ONE=DIMENSIONAL SEARCH
INITIAL SLOPE = =,9148£~01 PROPOSED ALPHA = »1186E+00

® @ CONSTRAINED ONE~DIMENSJONAL SEARCH INFORMATION © o e

PROPOSED DESIGN
ALPHA = ,11860E+00
X=VECTOR
«.8929E+01 «2668E+00 +5500E+00 «8800E+00 #3405E-01 «4721E~02

Figure A.2.- Continued.
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se#s INPUT FUR BLADE ELEMENT PROGRAM ®ee

INLET OUTLET TRANS, MAXTH. IN/OUT MAX. LeEs
NO. INLET CONF SOLIDITY BLADE BLADE LocC, LOC, TURNING THICK, RAD,
BLADES RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD
) (DEG) (DEG) (DEG)
34 «45400 6466400 2425200 52.000 ~8.9293 26685 «55000 «87999 . 03405 «00472
X ARRAY
«968750 937500 «906250 «875000 843750
.812500 «7R1250 « 750000 «718750 +687500
«656250 «625000 «593750 562500 «531250
«+500000 «468750 «437500 406250 «375000
«343750 «312500 «2R81250 «250000 «218750
.187500 «156250 «125000 « 093750 « 062500
031250 «031250 062500 «093750 +125000
«156250 «187500 «218750 «250000 «281250
«312500 «343750 «375000 «406250 +437500
«468750 «500000 «531250 «562500 «593750
«625000 «656250 «687500 718750 «750000
781250 «812500 «843750 «875000 2906250
937500 «968750
Y ARRAY
575.226 498,998 473,581 461.860 454,132
448.015 443,428 4404389 438,698 4384254
439,650 440.765 4424260 46444293 447,409
449.890 452.824 457.082 461,385 466,261
473.241 4R)1.773 489,466 499,183 509.712
5224635 538.120 557.091 582.208 613.227
6504082 B05.736 837.247 843,322 B41.747
R35.030 R26+070 815.978 802.800 7864405
7694349 753.299 7364954 722.919 709.390
699.074 690470 680.975 673,220 666,054
658.757 651.200 64].678 6344454 6274364
6519.856 6114397 60]1.083 587.877 571010
549.410 545.087
QUTPUT FROM 0BJCON
OBJUECTIVE FUNCTION DIFFS B8 .84332E+03
w0 = +49855£+03
DIFFS/W0O = +16916E+01
CONSTRAINT 1 BLTKS = «19679E+00
CONSTRAINT 2 YMAX = «65008E¢03
YMIN = «43825E+03
DIFFP = «14R33E+01]
CONSTRAINT 3 WMB (MBO-2¢1) = 454941E+03
WMB (MB0-2+2) = ,49900E+03

Figure A.2.- Continued.

TeEs
RAD.
/CHORD

« 00500



TET

TECLSR = +63015E+00
0pJ = «16916E+01

CONSTRAINT VALUFS
=e1968E+0]1 =.9B803E+00 =,1483E+02 ~,7291E-01 <=.1630E+0]

TWO~POINT INTERPOLATION

PROPOSED DESIGN
ALPHA = ,38598E+00
X=VECTOR
~+80T72E+01 «2000E+00 +5500E+00 +T040E+00 «3666E=01

Figure A.2.~ Continued.

=+.3698E+00

«3ITABE-02



AN

NO.
BLADES

34

X ARRAY
«968750
«812500
656250
+500000
«343750
187500
.031250
.156250
312500
+ 468750
625000
.781250
937500

Y ARRAY
550.516
445.739
440.705
454.923
483.575
553.060
680,737
828.531
B04.400
723.326
674,537
629.888
5524461

INLET CONE
RADIUS ANGLE
L) (DEG)

«45400 6.6640

«937500
«TR1250
«625000
«468750
«312500
«156250
«031250
«1A7500
«343750
«500000
«656250
«812500
«968750

494.472
441.893
442.613
459,030
497.330
570.624
TT1.425
829.594
786.288
712.703
665,675
620.680
570.387

OQUTPUT FROM 0BJCON

OBJECTIVE FUNCTION DIFFS

CONSTRAINT 1

CONSTRAINT 2

CONSTRAINT 3

wo
DIFFS/W0

BLTKS
YMAX
YMIN
DIFFP

WHMB {MBO=24+1)
WMR (MBO =242}

¢ee¢ [NPUT FOR BLADE ELEMENT PROGHAM see

INLETY
SOLIDITY BLADE
ANGLE
(DEG)
0 2425200 52.000
«906250 «875000
« 750000 « 718750
+593750 «562500
2437500 406250
281250 «250000
« 125000 « 093750
« 062500 « 093750
«218750 «250000
«375000 «406250
+531250 «562500
«687500 «718750
+843750 «875000
469.416 457,972
439,521 438.501
444,763 447.681
464,065 469,819
510.004 521.974
590.966 617.176
811.313 824,141
831.320 830,192
T6R.411 751.285
702.584 692,254
655.453 646,455
609.854 596.460
= .83132E+03
= +49855E+03
= W 16675E+401
= =+15560E-01
= «68074E+03
= «43850E+03
= +15524E+01
= «55246E+03
= «4944T7E+03

OUTLET TRANS, MAX.TH, IN/7OUT MaX,. L+Ea Te.€.
BLADE LocC. LOC. TURNING THICK,. RAD. RAD.
ANGLE /CHORD /CHORD RATE /CHORD /CHORD /CHORD
(DEG)

-8.0725 «20000 «55000 «70396 « 03666 «+00375 «00500

«843750
«687500
«531250
«375000
«218750
« 062500
«125000
+281250
«437500
«593750
«750000
«906250

451.012
438.930
451.328
4754041
536.848
649.870
828.722
820.187
736.46)
683.150
6384311
579.793

Figure A.2.- Continued.
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TECLSR = +72486E+00
08J = «16675E+01

CONSTRAINT VALUES
+1556E+00 =.1002E+01 ~,1552E+02 ~-.2974E-01 ~.1725E+01

THREE~POINT INTERPOLATION

PROPOSED DESIGN
ALPHA = ,34405E+00
X=VECTOR
=-+8207E+01 «2105E+00 «5500E+00 «T316E+00 +«3625€-01

Figure A.2.~- Continued.

~+2751E+00

+»3900E-02



vel

#es INPUT FOR BLADE ELEMENT PROGRAM #ee

INLET
NOo INLET CONE SOLIDITY BLADE
BLADES RADIUS ANGLE ANGLE
) (DEG) (DEG)
34 «45400 666400 2425200 52.000
X ARRAY
«968750 «937500 «906250 «875000
+812500 «781250 « 150000 « 718750
«656250 625000 »593750 562500
«500000 «468750 437500 406250
«343750 «312500 281250 250000
187500 « 156250 «125000 «093750
«031250 « 031250 « 062500 « 093750
«156250 «187500 218750 «250000
+312500 «343750 «375000 +406250
«468750 «500000 «531250 «562500
625000 656250 687500 «T18750
781250 »812500 +843750 «875000
«937500 +968750
Y ARRAY
554,440 495.278 470,079 458,591
446,110 442,149 439,674 438.551
440.560 4424346 444,394 447.189
454,173 45R.122 463,009 468.580
482.259 495,175 506.951 518.634
548,497 5654728 585.899 612.229
676,661 773.620 815,504 827.247
830.276 829.937 829,753 826.301
798.820 780.988 763.374 T46.734
T19.420 T09.164 699,143 689.165
672011 6634358 653,257 6444542
6284294 619,208 608.467 59%5.108
551.941 5664495
QUTPUT FROM OBJCON
OBJECTIVE FUNCTION DIFFS =2 .83106E+03
L1 = +49855E+03
DIFFS/W0 = 4166T0E+0!
CONSTRAINT 1 BLTKS = +20848E-01
CONSTRAINT 2 YMAX = +67666E+03
YMIN = +43855E+03
DIFFP = +15429E+01
CONSTRAINT 3 WMB (MBO=2+1) = 455194E+03
WMR (MB0=2+2) = ,495928E+03

QUTLET TRANS. MAX,TH. IN/OUT MAX, LeEe
BLADE LocC. LOC. TURNING THICK. RAD.
ANGLE /CHORD /CHORO RATE /CHORD 7CHORD
(DEG)

-B8.2069 21048 +55000 « 73157 « 03625 «00390

+843750
+687500
+531250
«375000
«218750
«062500
«125000
«281250
«437500
+593750
«750000
«906250

451.514
438.852
450736
473.631
532.909
643.711
831.057
815.041
T732.177
680.415
6364568
S578.415

Figure A.2.- Continued.

T«E.
RAD.
/CHORD

« 00500



qeT

TECLSR =  «T0B29E+00
08y = +166T70E+01]

CONSTRAINT VALUES
~s20B5E400 =,9979E+00 <=,1543E¢02 =,3566E~0]

® o © END OF ONE~-NDIMENSIONAL SEARCH
CALCULATED ALPHA = «34405E+00
0BJ = «166695E+0]

DECISION VARTABLES (X=VECTOR)
1 =«B2069E¢01  +2104BE+00  .55000E+00

CONSTRAINT VALUES (G=-VECTOR)
n =e20848E400 <-499792E+00 =,15429E+02

BEGIN ITERATION NUMBER 2

CT = =«10000E+00 cTL = ~«10000E-01

=+1708E+0]

=«2917E+00

«T3157€+00 +36253E=-01)

=+35658E~01 =.17083E+01

PHI

«50000E+0]

«39002E-02

~e29171€¢00

Figure A.2.- Continued.



FINAL OPTIMIZATION INFORMATION

9¢T

0RJ = «166529E+01

DECISION VARIABLES (X~VECTOR)
1) =+80297E+01 «20000E+00 +55000E+00 «T73559E+00

CONSTRAINT VALUES (G=VECTOR)
1 =+44211E-01 ~.99956E+00 =-,15409€+02 =,36960€-01

THERE ARE ? ACTIVE CONSTRAINTS
CONSTRAINT NUMBERS ARE

1 4
THERE ARE 0 VIOLATED CONSTRAINTS

THERE ARE 2 ACTIVE SIDE CONSTRAINTS

+36263E-01

~+17108E+0]}

DECISION VARIABLES AT LOWER OR UPPER BOUNDS (MINUS INDICATES LOWER BOUND)
3

-2
TERMINATION CRITERION

ABS{0BJ(1)-08U(I=-1)) LESS THAN DABFUN FOR 3 ITERATIONS
NUMBER OF ITERATIONS = &
OBJECTIVE FUNCTION WAS EVALUATED 35 TIMES
CONSTRAINT FUNCTIONS WERE EVALUATED 35 TIMES

+39389E~02

~+28922E+00

Figure A.2.- Continued.



LET

NO.
BLADES

34

X ARRAY
«968750
«812500
«656250
«500000
«343750
«187500
.031250
«156250
«312500
«468750
+625000
. 781250
«937500

Y ARRAY
551.119
446,251
440,997
454,707
482,427
548,211
6764287
A29.402
798.841
719.154
671,864
6284317
551.713

INLET CONE
RADIUS ANGLE
(L) (DEG)

«45400 6.66400

«937500
«781250
«625000
«46B750
»312500
« 156250
«031250
«187500
«343750
500000
«656250
«812500
«968750

494.850
4424372
442.810
458.662
495.670
5654190
773.752
R29.25]1
780.729
708.939
663.297
619.321
5T0.457

OUTPUT FROM OBJCON

OBJECTIVE FUNCTION DIFFS

CONSTRAINT 1}

CONSTRAINT 2

CONSTRAINT 3

wo
DIFFS/wO

BLTKS
YMAX
YMIN
DIFFP

WMR (MRO=241)
WMB (MAO0-2+2)

#es INPUT FOR BLADE ELEMENT PROGRAM ®es

INLET
SOLIDITY BLADE
ANGLE
(DEG)
2.25200 52.000
«906250 «875000
« 750000 «718750
«593750 «562500
437500 «406250
«2R1250 »250000
«125000 « 093750
« 062500 « 093750
218750 «250000
« 375000 406250
«531250 «562500
«687500 «718750
«843750 «875000
4694915 458,527
439,964 438.901
444.888 447.705
463,548 469,088
507.322 518.886
585,230 611560
815.380 826.614
829.606 826,571
7624982 7464369
698+905 68R.952
653,173 644o4T1
608.705 595.505
= +83023E+03
= «49R855E+03
= +16653E+01
T «44211E-02
= 267629E+03
= +43R90E+03

«15409E+01

«55171E+03

B «494B5E+03

OUTLET
BLADE
ANGLE

(DEG)

~8.0297

«843750
«687500
531250
«375000
218750
« 062500
«125000
+281250
«437500
«593750
«750000
«906250

451.557
439.254
4514267
473,693
532.924
6424955
830.225
815.313
731.856
680.241
6364534
579.029

TRANS. MAX,TH. IN/OUT MAX o LeEe
LocC, LocC, TURNING THICK, RAD.
/CHORD /CHORD RATE /CHORD /CHORD

220000 «55000 #73559 «03626 + 00394

Figure A.2.- Continued.

T'EI
RAD,
/CHORD

+00500



8€T

TECLSR = +T1078E+00

OPTIMIZATION RESULTS

0BJECTIVE FUNCTION
GLOBAL LOCATION 1 FUNCTION VALUE .16653E+01

DESIGN VARIABLES

De. V. GLOBAL LOWER UPPER
1D NO. VAR. NO. BOUND VALUE BOUND
1 1 2 =+«15000E+402 ~.80297E+01 0.
2 2 3 «20000E+00 «20000E+00 «60000E+00
3 3 4 «20000E+00 «55000E+00 «55000E+00
4 4 5 «50000E+00 «73559E+00 «40000E+0}
5 S 6 «30000E-01 +36263E~01 «10000E+00
6 (] 7 +30000E-02 «39389E~-02 +12000E-01

DESIGN CONSTRAINTS

GLOBAL LOWER UPPER
1D VAR, NO. BOUND VALUE BOUND
1 a 0. «44211E=02 +10000E+02
3 9 0. +15409E+01 «16000E+0)
L] 10 =+10000E+0] «71078E+00 +10000E+01

Figure A.2.- Continued.



#a® INPUT FOR BLADE ELEMENT PROGRAM swe

INLET OUTLET TRANS. MAx,TH, IN/OUT MAX « Le+Ee TeEe
NO. INLET CONE SOLIDITY BLADE BLADE LoC, LoC, TURNING THICK, RAD, RAD,
BLADES RADIUS ANGLE ANGLE ANGLE /CHORD /CHORD RATE /CHORD /CHORD /CHORD
(8] (DEG) (DEG) (DEG)
34 45400 6466400 2.25200 52.000 =-8.0297 «20000 «55000 «73559 «+ 03626 +00394 +00500
#se QUTPUT FROM BLADE ELEMENT PROGRAM %sé&
ELEMENT
SETTING
CHORD ANGLE
(18] (DEG)
«19322 23.5522
® MERID, LOC. FROM L.E, CENT. #* ®# THETA LOC. FROM L,E, CENT, ## sesssasass GLADE ANGLES oeeshsees SEGMENT LENGTHS
SRRBUNERRBRBRBROREREHRERNDNERRES  REDRANRNRGRRRPIBRNANBEBRReRenanae  (WITH RESPECT TO LOCAL CONIC RAY) snsssssssadsass
INLET OUTLET TRANS, MaX.TH. INLET OUTLET TRANS, MWAX.TH. INLET  OUTLEY TRANS, MAX.TH. FIRST SECOND
w w w ) {RAD) (RAD) {RAD) (RAD) (DEG) (DEG) (DEG) (DEG) ) [{8)
SUCT. =.00061 417564 .02675 408501 «00101 .16727 +06970 415112 524848 =11.222 444807 20.66] «04159 16190
CENT. 0.00000 .17546 .02807 08624 0.00000 16528 +06653 «14405 52.000 =8.030 42.376 20.66} 204136 ,15935
PRES. «00059 17538 02940 08748 =«00105 16325 .06334 413699 514166 <~4,794 39.883 20.661 204119 15704
#s8e CONIC ANGLE COORDe = € ®#ss <cosswssess BLADE ANGLES eesasssse
*#® (FROM LEADING EDGE CENT.) ®e¢ (WlTH RESPECT TO L.E. CENT. RAY)
INLET OUTLET TRANS. MAX,TH. INLET OUTLET TRANS. MAX.TH.
(DEG) (DEG) (DEG) (DEG) (DEG) (DEG) (DEG) (DEG)
SUCT. <007 1.112 «463 1.005 524855 ~10.110 45.27) 21.666
CENT. 0.000 1.099 k2 +958 524000 <=8.030 42.819 21.619
PRES. =007 1.085 oh21 911 514159 =3.709 40.304 22.530

6€T

Figure A.2.- Continued.
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##s QUTPUT THAT CAN BE PUNCHED FOR TSONIC INPUT #w#e

(22X T2 RSS2 L2222 2222222222 )

CHORD STGR
) (RAD)

% & %8
« 0 & 03

«17718 165276
- -
L Y Ry Yy ey Yy Y Yy Y Y Yy Yy Y Yy Yy Y Yy Yy Y Yy Y Yy Y Y Y Y Y Y Yy Y Y Y YTy Y

* - *
. sae SUCTION SURFACE ##e . *#% PRESSURE SURFACE e *
* * *
* RBERBRVRRBPER A SRR RS RBERERRB PR R NN - FRRNBVBENRRROPRRBARNNIRNIVR VGBI RNERS -
- [ ] »
. RI RO BETI RETO . RI RO BETI BETO .
* wh (w (DEG) (DEG) . () w (DEG) (DEG) .
* * »
. 00076 «00097  52.8551 =10,1097 . 400076 .00097 51,1587  =3.,7086 .
- * -
» - *»
. ZMSP THSP . IMSP THSP .
* w {RAD) . w (RAD) )
* » *
. .00015 .001012 . 00135 ~.00105] .
L4 «0N644 «018624 - « 00775 «015605 -
. +01569 <042414 . «01729 «037720 .
» 02688 +068304 . 02898 +061165 .
- « 04209 «097782 * «04470 +087489 *
. 05884 .122866 . 06153 s110221 )
- « 07687 «143206 » «07931 «129167 .
. +09593 4158534 . 09786 +144173 »
. +11571 +168663 . «11700 155129 .
. 13592 «173491 . +13656 +161966 .
. «15219 «173520 . «15237 0164450 .
» 16637 «170770 . . 16624 +16445] *
. «17641 .167241 . 17614 .163216 o
* - *
AX A X222 222222222 a4 2 22 X 222 X222 222X XSRS 22222222 XXYRSYRLR S22 22222222 TS

Figure A.2.- Continued.
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+#¢ PLOT OF BLADE SURFACE IN THETA - M COORDINATES eee

Figure A.2.- Continued.
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Figure A.2.- Continued.



eVl

GAM
1.400n00
RETA]
4A,20000
REDFAC
1.000000

MBI MBO
24 56

BLADE SURFACE 1

RI1
«T7610700E-03

MSPY
+1544666E-03
+115707

THSP)
«1012280E-02
21686632

BLADE SURFACE 2

RI2
«7610700E-03

M5P2 ARRAY

+1353915€-02
011706045

TH5P2 ARRAY

-+ 1050920E-02
«1551291

MR ARRAY
=+1300000
«1500400
RMSP
+4540000
+4540000
BESP
+5000000E-01
«4720000E~01

PLOSS ARRAY

0.
+4000000E-01
BLOAT  AANDK

0 0

ARRAY

ARRAY

ARRAY

ARRAY

AR TIP
1716.480 599,7600
BETAO CHNRDF
0. «1771834
DENTOL SSM]
«1000000E~02 0.
NBRI NHL
0 n 72 15 34
-= UPPER SURFACE
RO} BET11
+9660876E~03 52.85512
«65437113E~02 «1568635E-01
«135917¢ «1521902
«1862413E~01 «4261444E~01)
«1734907 «173519%
== (OWER SURFACE
RO? BET12
«9660876E-03 51415866
«7749708E~02 «1729088E-01
«1365588 +1523700
«1560516E-01 «3771963E-01
«1619659 01644503
-+«5000000E-02 «5000000E-02
1752600 1852600
«4540000 «4540000
«4540000 24540000

«5000000E-01
«467S000E~01]

0.

«4700000E=-01
ERSOR

0 0

STRFN SLCRD

0

=== [NPUT FOR

+4990000E-01
«4661000E-01

«1500000E~02
«4800000E-01

0

Figure A.2.- Continued.

INTVL  SURVL

1

RHOIP
»3345860E-02
STGRF
«1652756
SSMe2
0.

NRSP MOPT
13 0

BETO1
~10.10968

«2687976E-0}
«1663708

«6B830414E-01

«1707699

BETO2
=3.708649

«2898442E-0)
«1662433

+6116454E-0]
01644505
«2003000E~01
«2250000

4540000
4540000

«4960000E-0]
«4661000E-01

«5900000E-02
+4800000E~01

LOPT

WTFL
«5700000E-02
FSMI

0.

LRVB
1 0

SPLNO1
13.00000

«4208902E~01
«1764053

«9778183E~01
e1672414
SPLNO2
13.00000

«4470456E-01)
«1761365

«8748856E-01
«1632162
«4003000E-01
«2700000

4540000
«4540000

«4925000E~01
«4661000E-01

«1100000E-0}
+4B00000E=D])

TSONIC BLADE-TO-BLADE FLOW SOLVER ==~

0.

FSMD

0.

+5883798E-01

« 1228661

«6153388E-01

»1102210

+8003000E~01

4540000

+4850000E~01

«2150000E-01

OMEGA

«T687469E~0]

«1432064

+7930961E-01

«1291670

«1000300

+4540000

«4815000E-0]

+3000000£E-01

ORF
1.910000

+9592700E~01

+1585341

+9785967E~0])

«1441733

«1250300

+4540000

+4770000E~01

+»3350000E-01



AAN

RELATIVE MERIDIONAL CRITICAL
VELOCITY VELOCITY VELOCITY
AT M = FSMI AT M = FSMI AT M = FSMI
745,90 497.17 109%5.9
AT M = FSMO AT M = FSMO AT M @ FSMO
497.92 497.92 1095.9
FSMI = 0.
FSMO = «17718
CALCULATED PROGRAM CONSTANTS
PITCH HT HM}
«1847996 »1231997E-01 «5536980E-02
ITMIN 1TMAX
0 26
LAMBDA DOWNSTREAM WHIRL (RVTHO)
25244466 0.
REDUCED WEJIGHT FLOW = »5700000E-02
NUMBER OF INTERIOR MESH POINTS = 1047
CALCULATED VELOCITY DIAGRAM INFORMATION
M w W/WCR
UPSTREAM ROUNDARY 1 745.10 +67988
LEADING EDGE 24 745490 «68061
TRATLING EDGE 56 497.92 «45433
DOWNSTREAM BOUNDARY T2 499.62 +45589

Figure A.2.-

REL. FLOW
ANGLE
AT UPSTREAM BDY.
48,269
AT DOWNSTREAM BDY.
0.

BETA
48,269
48,200

0.
0,

Continued.
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JTERATION NO. 1

MAXIMUM RELATIVE CHANGE IN DENS]ITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 92

ITERATION NO, ?

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGFD BLADE SURFACE MESH POINTS = 92

ITERATION NO,. 3

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 9}

ITERATION NO. 4

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 55

ITERATION NO. 5

MAXIMUM RELAT]VE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 27

ITERATION NO. 6

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = 17

ITERATION NO, 7

MAXIMUM RELATIVE CHANGE IN DENSTTY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = i

ITERATION NGO, ]

MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
AVERAGE RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS
NUMBER OF UNCONVERGFD BLADE SURFACE MESH POINTS = 0

ITERATION NO, 9
MAXIMUM RELATIVE CHANGE IN DENSITY AT BLADE SURFACE POINTS

Figure A.2.- Continued.

<1846
«1074

+6432E-01
«2615€~01

«2959E-01
«8037€E-02

«1810€-01
«2790E-02

+6T0BE-02
»1041E-02

+3285E-02
«4003£-03

«1422€-02
«1766£=~03

«7977E=-03
«T6T4E-04

«2963E-03

AT

AT

AT

AT

AT

AT

AT

AT

AT

IM

M

L]

M

M

M

IM

L

0»

0

0s

O

Oy

Os

0y

D

IT

1T

IT

17

IT

IT

IT

I7

17

T»

1

1y

ls

1y

1y

1y

1y

15,

SURF

SURF

SURF

SURF

SURF

SURF

SURF

SURF

SURF

le

ly

1y

1y

1y

1s

1y

1y

2y

+3571E-01

+4135E-02

«4135E=02

+4135€~-02

«4135€-02

«4]135E-02

«4135€-02

o4]135€-02

«1739€E-02



99T

AVERAGE RELATIVE CHANGE IN DENSI®Y AT BLADE SURFACE POINTS = ,2880E-04
NUMBER OF UNCONVERGED BLADE SURFACE MESH POINTS = [}

* SURFACE VELOCITIES BASED ON MERIDIONAL COMPONENTS =~ REDUCED WEIGHT FLOW
- s
L BLADE SURFACE 1} ) BLADE SURFACE 2
M %  VELOCITY ANGLE (DEG) SURF. LENGTH W/WCR %  VELOCITY ANGLE (DEG) SURF, LENGTH W/WCR
Oe s 0. 90.00 0. 0. s 0. ~90,00 0. 0.
«S537E-02 % 797.1 S1.11 +9198E~02 7273 % 659.3 49.33 «T168BE=02 +6016
«11076E=01 % BR13.2 49.39 »1786E-01 « 7420 % 631.7 47.02 «1547E-01 «5764
«1661E~01 & 825.6 47.83 0 2623E-0] + 7533 % 59640 44,79 +2343E-01 +5438
«2215E-01 & 838.0 4615 +3435E~01 + 7646 % 57).5 42,65 +»3109€-01 +5215
«2T6BE=01 & 845.8 44.13 «4221E~0] «7718 % SSl.s 40.56 «3849E~01 »5031
#3322E~0]1 & B45.9 41,88 +4978E~01 «7719 %  534.4 38.52 +4567E-01 +4876
«3876E=01 & B839.4 39446 «5708£=01 «7659 % 519.7 36,50 «5265E-01 4742
w4430E-01 & B2746 36.90 A0413E-01 « 7551 $ 507.1 34.53 «5946E~01 4627
+4983E-01 & 809.1 34.39 «T094E=-01 «73A83 N 497.9 32460 «6610E~01 4544
«553TE-01 % 787.1 32400 «T756E=01 .7182 S  488.4 30.71 «T261E=-01 24457
«6091E=01 & 767.5 29.79 «8401E~01 #7003 S 48l.6 28.87 «7899E-01 04394
+6644E~01 & 751.8 27462 +9032E~01 «6860 ® 47402 27.07 «8526E=01 «4327
«7198E~01 % 735.6 25447 «9651E~01 «6712 ® 469.0 25.29 «9143E-01 «4279
«7752€~01 & 723.0 23.35 1026 «6597 8  463.2 23.54 «9751E=01 4227
«8305€-01 & 709.9 21426 41086 6478 ®  459.5 21.83 «1035 4193
«8859€~01 % 700.7 19.21 a1145 06394 % 454.9 20.14 21094 4151
«9413E~01 & 691.8 17.20 «1203 «6313 4 452.2 18,46 41193 04126
«9967E-0)1 % 681.5 15.23 1261 «6219 % 449.7 16.82 1211 4103
41052 % 673.9 13.28 «1318 «6149 b N 1179 ] 15.19 1269 «4069
«1107 % 666.0 11.34 41375 #6077 S 44400 13.58 «1326 4052
41163 % 658,1 943 1431 «6005 B 442.6 12,00 41383 «4038
1218 ® 650.4 7453 «1487 «5935 S 441.7 10,43 «1439 «4030
«1274 * 642,7 5465 +1543 «5865 S 4417 8.85 » 1495 +4030
»1329 ®  632.3 3.79 41598 5770 $ 441, 7.28 + 1551 «4027
«1384 % 62446 1494 41654 +5699 ® 4437 5.71 »1607 « 4049
41440 % 615.9 08 41709 5620 N 447.6 4.19 81663 +4084
«1495 % 605.7 =1.78 41764 «5527 & 452.8 L] +1718 4132
41550 % 593.0 =3.65 «1820 «5411 & 459.0 1.33 #1773 «4188
41606 ® 579.s4 ~5.46 41875 «5287 ¢ 468,2 =¢33 »1829 4272
41661 % 561.2 =T422 «1931 «5)21 4 489.6 -2.27 »1884 4467
1716 % 549.8 ~B8.86 41987 «5016 $ 56740 =3.66 1940 «5173
W1772 s 0. =%0.00 «2045 0. % 0. 90.00 1995 0.

Figure A.2.- Continued.
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SURFACE VELOCITIES BASED ON TANGENTIAL COMPUNENTS
REDUCED WEIGHT FLOW

BLADE SURFACE 1

M VELOCITY ANGLE (DEG) W/WCH
Oe 493.5 90.00 «4503
«4135€-02 859.0 5156 . 7838
«B691E-02 801.6 S0.11 «71314
«1349E~01 817.5 48469 e 7460
«1852E~01 829.3 47.29 « 7567
«2384E~-01 84048 45457 . 7672
«2953€-01 8474 43+40 7732
+3571E~01 846.7 40.81 « 7726
e4254E-01 838.8 37.72 « 71654
«5026F=01 808.8 34.20 «7380
«5909E£-01 783.6 30.50 «7150
«6940E-01 751.8 2646 +6860
+«R192E~01 T726.3 21.69 «6627
«9848E~-01 699.7 1565 +6385
«1292 657.5 5.03 +5999
1592 583.5 =5.01 «5324

BLADE SURFACE 2

M VELOCITY ANGLE (DEG! W/WCR
«1739E~02 769.5 50.99 .7021
«6438E~-02 661.6 48495 «6037
+1149€-01 617.5 46.84 5634
«1694€-01 S587.2 44.66 +5358
»2283E-01 56246 42439 5134
«2922E-01 S41.6 39.99 4942
«3620E~01 523.1 37.43 4773
+4388E-01 507.4 34468 «4630
«5243€-01 490.0 31.71 h4?]
«6208E~01 475.2 28.48 4336
«7321€-01 462.6 2490 4221
+8649€~-01 453.6 20.78 <6139
«1035 44402 1570 +4053
«1300 433.7 8409 «3958

Figure A.2.- Continued.
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Figure A.2.- Continued.
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M M

24 0.

25 +5537E-n¢

26 «1107F=01

44 «1661E-0]

28 »2215€E-n}

29 «2768E-01

30 «3322E~01}

31 «3876£-01

32 «4430E-01

33 «4983E-01

34 +5537€E~-01

s «6091E-01

36 «6644E=0]

37 «+7198E=-01

38 «7752E-01

39 «B8305€-01

40 +B8859E-n]

4] «9413E-01

42 «9967E~01

43 «1052

44 1107

45 1163

46 .1218

47 1274

48 #1329

49 «1384

50 21440

51 +«1495

52 «1550

53 «1606

54 « 1661

55 1716

56 1772

SURF 1

XMSP XTHSP
«15447E-03 .10123E-02
+64371E-02 +18624E=-01
«15686€~-01 «42414E~01
+26880E-01 «68304E-01
«42089E~0] «97782E=01
+58838E-01 «12287E+00
+T76875E-01 «14321E+00
+95927E-01 «15853E+00
«11571E+00 «16866E+00
*13592E+00 «17349E+00
«15219E+00 «17352E+00
«16637E+00 «17077€+00
+»17641E£+00 «16724E+00

OUTPUT FROM OBJCON

M/MC

Ne
«3125E-
«6250E-
«9375E~
»1250
»15613
«1875
.21A8
«2500
«2813
«3125
«3438
«3750
24063
4375
«4688
5000
5313
#5625
«5938
06250
+6563
«6875
«7188
« 7500
« 7813
«B8125
+B438
«B8750
«9063
«9375
«9688
1.000

BLADE SURFACE PRESSURES FOR FULL WEIGHT FLOW

P(1)/

«9994
nl 7228
0l 7118
nl «7029

«6939

<6879

<6869
+690]

6967

«7072

7197

7305

1387

« 7469

« 7526

«7582

«7613

« 7643

7683

27714

«T750

« 7787

«7824

. 7858

«7903

«7930

« 7961

« 7997

«8044

«8095

8167

.8209

«9527

SURF 2

XMsSP

«13539€E~02
«TT497E-02
«17291E-01
«28984E-01
«44705€E=-0]
«61534E~01
«79310E-01
+97860E-01
«11700E+00
«13656E+00
+15237€+00
+16624E+00
«17614E+00

PT P(2)/PT

XTHSP
~+«10509E-02
+«15605E=01
«37720E~01
«61165E-01
«87489E~01
+11022E+00
«12917E+00
«14417E+00
«15513E+00
«16197E+00
«16445E+00
«16445E+00
«16322E+00

19994
«8030
.8167
«8338
8446
«8530
«8598
«8655
«B701
+8732
«8763
.8781
+8799
+8806
«8812
<8806
«8801
«8790
.8781
«8784
<8784
.8785
+8783
<8776
«8768
+8745
«.871%
«8679
«8638
«8585
«B8484
-8129
9527

CPT(])

=e6204E-03
=.2772
=-.2882
~e2971
=+3061
=.3121
=+3131
=-¢3099
=-+3033
=-.2928
=.2803
-¢2695
-e2613
-e2531
=e 474
~s2418
~.2387
=e2357
'-2311
~¢2286
=-.2250
-e2213
~e2176
-ell62
=-¢2097
=-+2070
=.2039
~-.2003
~+1956
'01905
=-+1833
=e1791
~e4T728E-01

Figure A.2.- Continued.

cPTL2)

~e6204E~03
=¢1970
=+1833
-. 1662
~e1554
= 1470
'-1402
~+1365
=e1299
=-s1268
=e1237
-.1219
=sl201
=+1194
-.1188
~e1194
=-e1199
=.1210
=.1219
~s1216
=e1216
-e1215
1217
~e1224
=-el1232
=e1255
-.]285
'0132!
~+1362
~s1415
=«1516
-«1871
=4 T28E-01
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OBJECTIVE FUNCTION DIFFS

CONSTRAINT )
CONSTRAINT 2

CONSTRAINT 3

wo
DIFFS/w0

BLTKS

YMAX
YMIN
DIFFP

WMB (MB0=2+1)
WMB (MB0=2+2)
TECLSR

«A4594E+03
049792E+03
«16990E+01

eh42]11E-02
+65929E+03
«44]34E+03
«14938E+01
«56124E+03

«48960E+03
«89556E+00

Figure A.2.- Continued.
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FINAL OBJUECTIVE COMPUTEND BY TSONIC = 1,698965

FINAL CONSTRAINT VALUES

ALTKS
«442)1E-02

X ARRAY
«968750
«812500
656250
«500000
«343750
«187500
«031250
+156250
«312500
«468750
+625000
«781250
«937500

LTRACE = 1

DIFFP
«14938E+0)

«937500
«781250
«625000
468750
«312500
+156250
«031250
«1A7500
+«343750
+500000
«656250
«812500
«968750

Y ARRAY BEFORE PERTRB CaLL

566.953
447.620
442,577
454.893
481.593
534.387
659.289
845.829
787.101
709.946
666.048
624,559
5614240

489,596
443,724
444.037
459.487
ABR.44)
551.407
T797.094
B845.94])
767.508
T00.748
658.146
6154941
549.767

TECLSR
«89556E+00

«906250
«750000
+593750
+437500
«281250
«125000
2062500
+218750
«375000
«531250
+687500
+843750

4684231
4414341
445.975
463,246
497.947
571.509
813.197
839,362
751.752
691.827
650.419
6054686

«875000
«718750
+562500
«406250
«250000
«093750
+093750
«250000
«406250
«562500
«718750
«875000

459,001
441.690
449,688
468.972
507.051
596.015
825.572
827.555
735,601
681.542
642.711
592.951

Figure A.2.- Continued.

«843750
«687500
531250
«375000
«»218750
«062500
«125000
«281250
«437500
«593750
«750000
«906250

452.816
441,695
4524173
474.208
519.736
631744
837.975
809.126
7224997
673.904
632.308
579.399
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® COMPARISON OF AERODYNAMIC AND PERTURBATION SOLUTIONS ¢
I L L T Y A Y Y Y T Y A Y Y Y Y YT Y YR AT Y YR T Y ATy Y

eeesosMACH NUMBER

VALUES OF PERTURBATION PARAMETERS»
CRITICAL VALUE OF wM:

M2 = L1000

Q2(1) =-8,0297 ( KOCR )
Q2(2) = ,2000 ( T )
Q2(3) = ,5500 ( T4} )
Q2(4) = 7356 ( P )
Q2(5) = ,0363 { THX )
Q2(6) = ,0039 ( THLE )

WHCRIT =-66.8587

s0eeosLOCATIONS OF MIN.» MAX,s AND CRITICAL PTS.
(% DENOTES POINT ON LOWER SURFACE)

MINIMUM AT X
MAXIMUM AT X

AERODYNAMIC SOLN:

MINIMUM AT X
MAXIMUM AT X

PERTURBATION SOLN3

= ,7122¢
= «1194
s L7500%
a L1875

(POINT NO. 9)
(POINT NO. 34)

(POINT NO. 8)
(POINT NO. 37}

sessoFINAL PRINTOUT AND GRAPHICAL DISPLAY OF wM

XBASE WMBASE
+9687585,9460
+9375500.5262
«9062475,3838
+8760463.5379
«8437455,453]
+B125448.9545
»7813444,0337

XPERT WMPERT
«9680549.7994
+9360492,2104
+9041468,2692
«AT21457,5440
+A601450.7826
«A081445,5287
«7761441.7684

MAXTMUM
MINIMUM
CRITICAL
VALUE OF
VALUE OF

AP VerIT

XAERO WMAERQ WMPINT H

VALUE OF WM =B845.9406

VALUE OF wM =438.9010

VALUE OF WM =-66.8587

WM PREDICTED BY PERTURBATION SOLUTION
WM IN AERODYNAMIC SOLUTION

AGREEMENT BETWEEN P AND A

«9688566,9527551.1194
¢9375489.5955494.8503
¢9063468,2308469.9154
+8750459,0015458.5273
«8438452.8158451,5575
eA125447.620344642512
«7813443,7239442.3717

Figure A.2.- Continued.
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«7500440,6925
+T1RB438.6925
«6875437.8173
«6563439,1700
«6250439,8327
«5938441.0316
«5625442,5981
+5313445,5570
«5000447.4626
«46A0449.7452
«+4375453,7909
+4063457.2295
+3750462.5307
«J438467.1474
+3125473,4596
+2813479,5215
+2500487.9145
«2188496.,1051
+1875508.1057
+1563522.6991
+1250540.8496
« 093856440343
+0625599.0169
+0313632,8560
+0313836.,7472
+0625848,.1344
«0937851 43453
«1250846.1514
«1563834.5030
+1875820.3078
+2188805,2289
+2500788.7474
+2813770.7026
«3125754.1898
«3438739,2561
»3750723,4856
«4063710.8176
+4375697.5629
+4688688,7980
«5000680,8503
+5313671.6336
+5625665.2669
+5938658,7253
«6250651,9964
+6563644,9958
+6875635.7344
»7188629.2778
«7500622.6299
+7813615.,5034
+8125607,3548
+8437597,2455
+B750584,0971
29062567.,1183
+9375548,.2492
+9687533,5057

«T441439,5594
«7122438,7299
«6802439,4101
1 6482441,5321
+6162443,2946
+5842445,5640
«5522448,7173
+5203452.6026
«4883455,9259
«6563460,4083
«4243465,7523
+3923471.6608
«3603475,4134
«3284488,9358
«2964502,5190
«2644512,6771
«2324526,4762
+2004541,5761
+1684557,9958
¢1365576,8714
+»1045600,2040
«0725634,0712
«0405662,5095
+0085710,1042
«0554R12,4625
«0B874025,6826
+1194830,3923
«1498R29,4847
«1801R29,0993
«2105829,7257
+2409829,2858
«2712820.2590
+3016805,2661
«3320787.3683
+3623770,2638
«3927752,.8141
«4231738,3766
«4534724,6654
+4838713,7454
«5142704,7421
«5445694,3740
«5749685,2170
«6053677,2071
+6356668,9914
+6660660,6116
+6963650,1146
«726T642,4657
«7571634,7305
«T7B74626,6743
«8178617,7636
«8482607,1599
«A785593,9676
«9089577,5979
+9393550.1110
«969657) ,0680

¢7500441¢3408439.9645
«718844]1.6899438.,9010
+6875441.6948439,2542
+6563442.5766440,9971
«6250444.0366442,8098
¢5938445.9745444.8878
05625449.6875447.7054
+5313452,1730451.2668
+5000454,8932454,7072
«4688459.,4870458.6617
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QOO0 OO00OO0aOaO0OO0O00OD0000

aO000

o000 0

PROGRAM BLOOPT(INPUT,QUTPUT, TAPES=INPUT,TAPE&=QUTRUT,

» TAPE1,TAPE7,TAPE9, TAPE10,TAPE11,TAPE12,TAPE13,TAPE14,
»*

TAPE20,TAPE40)

DRIVER PROGRAM FOR COPES OPTIMIZATION STUDY WITH OPTIONS
FOR PERTURBATION METHOD USE.
THE RELATIONSHIP AMONG PROGRAM COMPONENTS IS

DRIVER
- COPES
- ANALIZ
- BLADE ROUTINES

- TSONIC ROUTINES
- PERTRB ROUTINE
- 0BJCON
PROGRAM OPTIONS
IOPT = 1 - OPTIMIZATION USING TSONIC SOLUTIONS ONLY -
PERTURBATION METHOD BYPASSED
2 - OPTIMIZATION WITH PERTURBATICON METHOD EMPLOYING
USER-SPECIFIED CALIBRATION SOLUTION MATRIX
3 - OPTIMIZATION WITH t CYCLE EMPLOYING TSONIC SOLUTIONS

I0PT=3

ONLY, FOLLOWED BY ITMAX CYCLES EMPLOYING
PERTURBATION METHOD

COMMON/CALB/ ICALB,DVCALB(6),PSTEP,IOPT,ITMAX3,VZERO(6)
COMMON/CNMNT /DUM( 12 ),NDV,DUM1 (6), ITHAX,DUM2(7)
COMMON/COPES2/ RA(5000),IA{1000)
COMMON/COPES3/DUM3( 16 ), LOCR(25),LOCI(25),DUN4(19)
COMMON/GLOBCM/ 0BJ,V(6),C(5),EXTRA(1488)

IFLAG=1
CALL COPESIIFLAG)
IF(IOPT.LT.3) STOP

CALCULATE CALIBRATION STEPSIZES, THEN PERFORM
OPTIMIZATION WITH PERTURBATION SOLUTIONS

NVLB=LOCR(2}

NVUB=LOCR(3)

CALL STEP{NDV,V,VZERO,DVCALB,RA(NVLB),RA(NVUB))
ICALB=1

ITMAX=ITHAX3

D0 10 I=1,NDV

RA(IN=0.0

IFLAG=2

CALL COPES(IFLAG)

sTOP

END

SUBROUTINE STEP(NDV,V,VZERQ,DVCALB,VLB,VUB)

ROUTINE TO CALCULATE CALIBRATION STEPSIZES FOR IOPT=3
BASED ON DESIGN RESULTS AFTER 1 OPTIMIZATION CYCLE
EMPLOYING TSONIC SOLUTIONS ONLY.

DIMENSION Vi1),VZERD{1),DVCALB{1),VLB(1),VUB(1)
D0 20 I=1,NDV

P=V{1}-VZERO(I)

DVCALB(I)=V(1)+0.5%P

IF(DVCALB(I).LT.VLB(I)) DVCALB(TI}=VLBI(I)
IF(DVCALB{I).GT.VUB(I)) DVCALB(I)=VUB(I}

BLOGPY
BLDOPT
BLOOPT
BLDOPT
BLOOPT
B8LDOPT
BLDOPT
BLOOPT
BLOOPTIO
BLDOPT11
BLDOPT12
BLDOPT13
BLODOPT14
BLDOPTIS
BLDOPT16
BLDOPT17
BLDOPT1S
8LDOPTt®
BLDOPT2O
BLDOPT21
BLOOPT22
BLDOPT23
8LDOPT24
BLOOPT2S
BLOOPT26
BLOOPT27
BLDOPT28
BLDOPT29
BLDOPT30
BLDOPT3?
BLDOPT32
BLDOPT33
BLOOPT34
BLDOPT3S
BLDOPT36
BLOOPT3?
BLDOPT38
BLDOPT39
BLDOPT40
BLDOPTGY
BLDOPT42
BLOOPT43
BLDOPT44
BLDOPT4S
BLDOPT46
BLOOPT47
BLOOPT4S
BLDOPT49
STEP 2
STEP
STEP &
STEP B
STEP 6
STEP 7
8
9

BN P U

STEP
STEP
STEP 10
STEP 11
STEP 12
STEP 13

o000 0

c
c
[

IFUABSIVII)-VLB(X)) . LT.1.E-6)

" DVCALB(1)=0.9%(VLB(I)-VZEROII))+VZERO(I}
IFCABS(V(I)-VUB(I}}.LT.1.E-6)
* OVCALB(I)=0.9%(VUB(I)-VZERQ(I))+VZERO(I)
20 CONTINUE
RETURN
END

SUBROUTINE ANALIZ(ICALC)

INITIALIZES, CALCULATES, AND OUTPUTS ALL DESIGN
YARIABLES, OBJECTIVE FUNCTION, AND CONSTRAINTS FOR
OPTIMIZATION WITH COPES DRIVER.

COMMON/GLOBCM/ 0BJ,V(6),C(5),EXTRA(1488)

COMMON /PERT/ QO0(10),Q1,Q2(10),XM0,XM1,XM2,NPTS,KPARAM,NPARAM,
» LTRACE

COMHMON /INPUTB/ ALP,KICR,KOCR,NB,P,R,SOLID,T,THLE,THTETHX,ZM
COMMON /MBIMBO/ MBI,MBO

COMHMON/INPUTA/ XMSP(50,21,XTHSP(50,2)

COMMON /CALB/ ICALB,DVCALB(6),PSTEP,IOPT,ITHAX3,VZERO(G)
DIMENSION X(200),Y(200),VV(8),IDV(6),VNAME(6)

REAL KICR,KOCR
LOGICAL NONLIN
DATA XM0/0.1/,
IF (ICALC .GT.

XM1/70.1/, XM2/70.1/
t) GO 7O 100

ICALC = 1 READ INPUT AND INITIALIZE PARAMETERS
READ(5,1025) COMENT

READ(5,1005) IOPT,NDV,NCN,ITMAX3

NPARAM=NDV

READ(5,1010} NB,R,ALP,SOLID

READ(5,1020) {vV(I),I=1,8)

KICR=YV(1)
KOCR=VVI2)

T =VVi3)
M =VVIG)

P =VVI(5)
TMX =VV{(6)
THLE=VV1?)
THTE=VV(8)
READ(5,1025)
READ(5,1005)
00 5 I=1,NDV
J=IOV(I)
VII)=wWID)
VZERO(I)=VV(J)

READ(5,1010) ICALB,PSTEP
IF(ICALB.EQ.0) GO TO 190
READ{5,1020) (DVCALBI(TI),I=1,NDV)
10 CONTINUE

(VNAME(I),I=1,NDV)
(IDV(I),1=1,NDV)

v

HRITE(6,1000)

WRITE(6,1055) IOPT,NDV,HCN,ITHAX3
WRITE(6,1060) NB,R,ALP,SOLID
WRITE(6,1065) (VV(I),I=1,8)
WRITE(6,1070} tVNAME(I),I=1,NDV)
HWRITE{6,1072) (V(I},I=1,NDV)
WRITE{6,1075} ICALB,PSTEP

STEP 14
STER 15
STER 16
STEP 17
STEP 18
STEP 19
STEP 20
STEP 2%
ANALIZ 2
ANALIZ 3
ANALIZ 4
AHALIZ 5
ANALIZ 6
ANALIZ 7
ANALIZ 8
ANALIZ 9
ANALIZYI0O
AHALIZY
ANALIZI2
ANALIZ13
ANALIZ1G
ANALIZ15
ANALTZ16
ANALIZ17
ANALIZ18
AHALIZ19
ANALIZ20
ANALIZ21
ANALIZ22
ANALIZ23

"ANALIZ29

ANALIZ25
ANALIZ26
ANALIZ27
ANALIZ28
ANALIZ29Y
ANALIZ30
ANALIZ3Y
ANALIZ32
ANALIZ33
ANALIZ34
ANALIZ35
ANALIZ36
AHALIZ3?7
ANALIZ3E
ANALEZ39
ANALTIZ4D
ANALIZGY

AHALIZG2
ANALIZG3
ANALIZGY
ANALIZ4S
AHALIZ46
ANALIZ47
AHALIZ4S
AHALIZ49
ANALIZ50
ANALIZS!

AHALIZ52
ANALIZ53
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C
c
c

[z Xz Ny)

o000

IF(ICALB.EQ.0) GO TO 14

WRITE(6,1080) (I,I=1,NDV)

WRITE(6,1085) (DVCALBII),I=1,NDV)
14 CONTINUE

ICALL=1

JCALL=0

KPARAN=0

LTRACE=0

NONLIN=.T.

IF(IOPT.EQ.2) NONLIN=.F.

READ(5,1025) COMENT

CALL TSONIC

NPTS=2#(MBO-MBI~1)

IF{IOPT.EQ.1) GO TO 15

READ(5,1025) COMENT

CALL PERTRBIICALL,X,Y)
15 CONTINUE

ICALL=2

RETURN

ICALC m2 PERFORM OPTIMIZATION CALCULATION

100 IF(ICALC.GT.2) GO TO 200

20 CALL DESVAR(VV,V,IDV,NDV,ICALL,KPARAM)
WRITE(6,2000) NB,R,ALP,SOLID,KICR,KOCR,T,2ZM,P,TMX, THLE,THTE
CALL BLADE(O)
IF(.NOT.NONLIN) GO TO 22

EMPLOY TSONIC SOLUTIONS, IOPT=1 OR 3

CALL TSONIC

CALL XY(X,Y)

HWRITE(6,2005) (X(I),I=1,NPTS}

HRITE(6,2010) (Y(I),I=1,NPTS)

CALL OBJCON{X,Y,0BJ,C)

RETURN

EMPLOY BASE/CALIBRATION/PERTURBATION SOLUTIONS, IOPT=2 OR 3

22 CONTINUE
IF(ICALL.EQ.4} GO TO 24
CALL TSONIC
CALL XY(X,Y)

24 CALL PERVAR(QO,Q1,Q2,V,ICALL,KPARAM)
CALL PERTRB(ICALL,X,Y)
IF(ICALL.EQ.3) GO TO 26
HWRITE{6,2005} (X(I),I=1,NPTS)
HRITE(6,2010) {Y(I),I=1,NPTS)
CALL OBJCON(X,Y,0BJ,C)
IF(ICALL.EQ.4) RETURN
ICALL=3

26 CONTINUE
KPARAM=KPARAH*1{
IF(KPARAM.LE.NPARAH) GO TO 20
ICALL=4
RETURN

ICALC = 3 CONMIN TERMINATION AND FINAL SOLUTION DETERMINATION

AHALIZS4

AHALIZSS

AHALIZ56

AHALIZBT

ANALIZ58
ANALIZ59

AHALIZ60

AHALIZ6N

AHALIZ62

ANALIZ63
ANALIZ64
ANALIZ6S

AHALIZ66

AHALIZ67
AHALIZ6S
ANALIZ69
ANALIZ70
ANALIZ?7t

ANALIZ72
ANALIZ73
ANALIZ?74
AMALIZ7S
ANALIZ76
AHALIZ?7
ANALIZ78
ANALIZ79
ANALIZSBO
ANALIZS

AHALTZS2
ANALIZS3
ANALIZS84
ANALIZOS
ANALIZSB6
ANALIZ87
ANALIZSS
ANALIZB9
ANALIZ90
ANALIZON

AHALIZ92
ANALIZ93
ANALIZ94
ANALIZ9S
ANALIZ96
ANALIZ97
ANALIZ98
ANALIZ99
ANALI100
ANALIN01

ANALT102
ANALI103
ANALI10G
ANALIO5
ANALI106
ANALI107
ANALT108
ANALI109
ANALIIO
ANALI1tY
ANALT112
ANALII13

200 CONTINUE
JCALL=JCALL*Y
IF(IOPT.NE.3 .OR. JCALL.EQ.2) GO TO 30
NOHLIN=.FALSE.
RETURH

30 CONTINUE
LTRACE=1
CALL DESVAR(VV,V,IDV,NDV,ICALL,KPARAM)
CALL BLADE(1)
CALL TSONIC
CALL XY(X,Y)
WRITE(6,1050) (XMSP(K,1))XTHSP(K,1),XMSP(K,2),XTHSP{K,21,K=1,13)
CALL OBJCONIX,Y,0BJ,C)
HWRITE(6,1030) 0BJ
HRITE(6,1035) (C{I),I=1,NCN)
IF(IOPT.EQ.1) RETURN
WRITE(6,2005) (X(I},I=1,NPTS)
HRITE(6,1040) LTRACE,(Y{I),I=1,NPTS)
CALL PERVAR{Q0,Q1,Q2,V,ICALL,KPARAN)
CALL PERTRB(ICALL,X,Y)
RETURN

Cc
Cc

1000 FORMAT(1H1,35X,43H--~ INPUT FOR CONTROL SUBROUTINE ANALIZ ---)
1005 FORMAT(10I5)
1010 FORMAT (110,3F10.6)
1020 FORMAT(8F10.0)
1025 FORHAT(6A10)
1030 FORMAT (37H1FINAL OBJECTIVE COMPUTED BY TSOHIC =,F§0.6//)
1035 FORMAT(1HO,23HFINAL CONSTRAINT VALUES/10X,5HBLTKS,7X,5HDIFFP,
* 6X,6HTECLSR/5X,4E12.5)
1040 FORMAT(////% LTRACE =%,13//# Y ARRAY BEFORE PERTRB CALL#/
(5X,5F12.3))
1045 FORMAT(////% LTRACE =#,13//# Y ARRAY AFTER PERTRB CALLw»/
(5X,5F12.3))
1050 FORMAT(////12X,%SURF 1%,29X,#SURF 2%/
5X, #XHSPH, 11X, #XTHSP®, 15X, #XHSP#, 11X, ¥XTHSP#/
{2E15.5,5X,2E15.5))
1055 FORMAT{//1H0,4X,18HCONTROL PARAMETERS/
1H0, 9X,6HIOPT =,13,10X,5HHNOV =,13,10X,5HNCN =,13,
10X, 8HITHAX3 =,1I3)
1060 FORMAT(//1H0,4X,25HCONSTANT BLADE PARAMETERS/
L 1HO0,9X, 2HNB, 7X, 1HR, 7X, 3HALP, 7X, 5HS0LID/112,3F10.4)
1065 FORMAT(//1H0,4X,25HVARIABLE BLADE PARAMETERS/
» 1HO, 9X, 4HKICR, 6X,4HKOCR , 8, 1HT , 8X, 2HZM, 8X, tHP, 9X, 3HTHX,
» 6X,4HTHLE ; 6X,9HTHTE/5X,8F10.4)
1070 FORMAT(//1H0,4X,23HACTIVE DESIGN VARIABLES/1H0,9X,6A10)
1072 FORHAT(5X,6F10.4)
1075 FORMAT(//1H0,4X,7HICALB =,I2,6X,7HPSTEP =,F6.3)
1080 FORMAT(1HO,4X,6HDVCALB/6I12)
1085 FORMAT(3X,6F12.4}
2000 FORMATU1H1,// 46X,39H%#% INPUT FOR BLADE ELEMENT PROGRAH #w#

& _&_&

&

AHALIN1G
ANALITIS
ANALIt16
ANALIIY7
ANALTI118
AHALIt1S
AHALI120
AHALI12%
AMALIT22
AN&LT123
ANALT124
ANALI125
ANALI126
ANALT127
ANALI128
ANALI129
ANALI130
AHALI131
ANALI132
ANALI133
ANALT134
ANALIN35
AHALI136
ANALI137
ANALI?38
ANALIN39
AHALI140
AHALT14

AHALING2
ANALI143
ANALI4G
ANALI1GS
ANALI1G6
AHALIVG7
AHALI148
ANALI1G9
ANALI150
ANALI15¢

AHALI152
AHALIIS3
AHALII54
ANALT155
ANALI156
ANALIN57
ANALI158
ANALI159
ANALI160
ANALIT6}

ANALIN62
ANALI163
ANALT164

/7 AHALI165

%/ 49X, SHINLET,6X, 6HOUTLET,4X,6HTRANS. , 4X; THMAX. TH. , 3X, 6HIN/QUT, 5X, ANALT166

% GHMAX.,6X,4HL.E.,6X,4HT.E. / 10X,3HNO.,6X,5HINLET,5X,4HCOHE ,4X,

AHALI167

% BHSOLIDITY,4X,SHBLADE,5X,5HBLADE,5X,4HLOC. ,6X,4HLOC. ,5X, 7HTURNINGANALI1668

%,3X, 6HTHICK. , 5X,4HRAD . ,6X, GHRAD. / 8X,6HBLADES)4X,6HRADIUS,5X,

ANALIT69

% SHANGLE, 15X, 5HANGLE, 5X, SHANGLE , 4X, 6H/CHORD » %X+ 6H/CHORD » 5X , GHRATE , ANALI170

% 5X,6H/CHORD,4X, 6H/CHORD,4X,6H/CHORD / 20X,3H{L),6X,5H(DEG), 15X,
# BH{DEG),5X)5H(DEG) // 9X,13,3X,3F10.5,F9.3,F10.4,6F10.5)
2005 FORMAT(////% X ARRAYM/(5X,5F12.6))

ANALIT7Y
AHALII72
ANALI173



8qT

2010 FORMAT(1HO,» Y ARRAY#/(5X,5F12.3}) AHALT176 DIMEHNSION Xf200),Y(200!} XY 9
c AHALI175 NDZ2=MRO-NBI-{ X 10
END ANALIT76 DO 10 I=1,HD2 XY 11
SUBROUTINE DESVAR(VY.V,I0V,HOV,ICALL,KPARAM) DESVAR 2 XU )=XMVHUHBO-T) XY 12

c DESVAR 3 XUND2+I)1=XMVH(MBI+I) XY 13
C IDENTIFIES DESIGN VARIABLES DESVAR 4 Y(I)=WHMBIMDBO-I,2) XY 14
c DESVAR 5 10 Y(ND2+II=WMB(MBI+I, 1} Y 15
REAL KICR,KOCR DESVAR 6 RETUPH XY 16
COMMON /CALB/ XCALB,DVCALB{(6),PSTEP,I0PT,ITHAX3,VZERO(6) DESVAR 7 END XY 17
COMMON /INPUTB/ ALP,KICR,KOCR,NB,P,R,S0LID,T,THLE , THTE, THX, ZM DESVAR 8 SUBROUTINE OBJCON(X,Y,DIFFS,C) 0BJCOH 2
DIMENSION VV(12),V{1),IDV(1} DESVAR 9 REAL KICR,KOCR 0pJCON 3

DO 10 I=1,NDV DESVAR1O COMHON/ INPUTAZ XHSP(50,2),XTHSP(50,2) OBJCOM 4
J=1DVIT) DESVARYY COMNMON /INPUTB/ALP,KICR,KOCR,HB,P,R,50LID,T,THLE, THTE, THX, ZH ODJCON §
ywieJ=ver) DESVAR12 COMMON /I'BINBO/ MBI,MBO OBJCON 6

10 CONTINUE DESVARY3 COMMOM/WIWO/HI , HO ORJCON 7
IF(ICALL.NE.3) GO TO 20 DESVAR14 COMMON/VARCOM/ADUM( 4001, HMB(100,2),BDUM(400), TDUMI100) OBJCON 8
K=IDV(KPARAM) DESYAR15 DIMEMSION X(200),Y(200),C(5) 0BJCON 9
IF(ICALB.EQ.0) VV(K)=(1.0+PSTEP)#YVI(K) DESVARI6 C OBJCON1O

C CALCULATION OF OBJECTIVE FUNCTION OBJCONI

IF(ICALB.EQ.0) VV(K)I=(1.,0+PSTEPI#VV(K) DESVARI6 ¢ 0BJCOH12
IF(ICALB.GT.0) VV(K)=DVCALB(KPARAM} DESVAR17 HD2=MBO-MBI-1 OBJCON13

20 COMTINUE DESVAR1S DIFFS=Y(ND2+1) OBJCON14
KICR=VV(1) DESVAR1I9 ND21=ND2-1 OBJCON1S
KOCR=VYV(2) DESVAR20 BO 10 I=1,ND21 OBJCON16

T =Wl DESVAR2Y 10 IF(Y(ND2+I).GT.DIFFS) DIFFS=Y(ND2+I) OBJCON1?

M =VV(4) DESVAR22 WRITE(6,1000) DIFFS,ND 0BJCOH18

B =VV(5) DESVAR2Y DIFFS=DIFFS/WO QBJCON19

THMX =VVI6) DESVAR24 WRITE(6,1010) DIFFS 0B.JCONZO
THLE=VYV(7) DESVAR2S C 0BJCON21
THTE=VV(8) DESVAR26 € CONSTRAINT NO. 1 - BLADE THICKNESS 0BJCONZ2
RETURN DESVAR2? ¢ 0BJCOMZ3

END DESVAR28 BCHORD=2.%3.1415927#R*SOLID/FLOAT(NB} 0BJCON24
SUBROUTINE PERVAR(Q0,Q1,Q2,V,ICALL,KPARAM) PERVAR 2 TEDIAM=2. ¥THTE®BCHORD 0BJCONZS

¢ PERVAR 3 DTHIN=1.E10 0BJCONZ6
C SETS VALUES OF DESIGN VARIABLES FOR USE IN PERVAR & DO 20 I=2,12 0BJCONZ7
€ PERTURBATIOMN SOLUTION CALCULATION. PERVAR & DRTH={XTHSP(I,1)-XTHSP(I,2))%R 0BJCOHZS
€ PERVAR & DZ=XMSP(I,11-XMSP(I,2) 0BJCOMZ9
DIMENSION QO(1),Q2(1),V(1) PERVAR 7 DT=SQRT(DRTH¥DRTHDZ#DZ) OBJCON30
COMMOM /CALB/ ICALB,DVCALB(6),PSTER,I0PT,ITMAX3,VZERO(6) PERVAR 8 TKODTE=(DT-TEDIAMI/TEDTAM 0BJCON3!

IF (ICALL .GT. 2) GO TO 20 PERVAR 9 20 IF(TKODTE.LT.DTMIN) DTHIM=TKODTE 0BJCON32

00 10 I=1,6 PERVAR1O BLTKS=DTMIN 0BJCOH33

10 QO(I)=VII) PERVAR1 WRITE(6,1020) BLTKS 0BJCON34
RETURN PERVAR12 C(1)=BLTKS 0BJCOM35

20 IF (ICALL .GT. 3) 60 T0 30 PERVARYS € 0BJCON36
IF{ICALB.EG.0) QI=(1. * PSTEP)#V(KPARAM) PERVAR§4 € CONSTRAINT NO. 2 - PRESSURE SURFACE DIFFUSION OBJCON37
IF(ICALB.GT.0) Q1=DVCALB(KPARAM) PERVARIS C 0BJCON38
RETURN PERVAR16 A=ND2/2 QRJCONI9

30 DO 40 I=1,6 PERVARY? B=2,*MD2/3 0BJCONGO

4 Q2(I)=5(1) PERSAR1S NI12=INT(A) OBJCOHA1
RETURN PERVAR1 S N23=INTI(B) 0BJCONHG2

40 Q21I)=V(TI) PERVAR1S YMAX=Y({HD2) 0BJCONG3
RETURH PERVAR19 YMINzYMAX 0BJCON44

END PERVAR20 DO 30 I=N§2,ND2 OBJCONGS
SUBROUTINE XY{(X,Y) XY 2 30 IF(Y(I).GT.YMAX) YHMAX=Y(I) DBJCONGS

c XY 3 00 40 I=2,H23 0BJCONG7
C DETERMINES SURFACE VELOCITY AND SURFACE COORDIMATE ARRAYS XY 4 40 IF(Y(I).LT.YMIN) YMIN=Y(I) 0BJCON48
c XY 5 DIFFP=YHAX/YMIN OBJCON49
COMMON /VARCOM/ ROUMIGO0),HWMB(100,2},S0UMI400), 1DUM(100) XY 6 WRITE(6,1030) YMAX,YMIN,DIFFP 0BJCONS0
COHMON /MVHORM/ XHVHI100) XY 7 Ct2)=DIFFP 0BJCONS1
COMMON /MBIMBO/ HBI,HBO XY 8 ¢ 0BJCON52
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C CONSTRAINT NO. 3 ~ TRAILING EDGE CLOSURE 0BJCONSS
c OBJCON54
Ni=2#{HBO-BI}-3 OBJCONSS
TECLSR=(YI(Nt)-Y(2))/80. 0BJCON56

WRITE (6,1040) Y(N1),Y(2),TECLSR 0BJCONS7
C{3)=TECLSR OBJCONS8

[ 0BJCON59
RETURN 0BJCONGO

1000 FORMAT(////% OUTPUT FROM OBJCON®/1HO,3X, 0OBJCONG1
L ¥OBJECTIVE FUNCTION®,3X,*DIFFS =#,E12.5/ 0BJCONG2

L] 25X, *HO =#,E12.5) OBJCONG3

1010 FORMAT (25X,%DIFFS/KD =%,E12.5) 0BJCONG6G
1020 FORMATE 1HO,3X, %CONSTRAINT 1%, 9X,wBLTKS =w,E12.5) OBJICONGS
1030 FORMAT{1HO,3X,#CONSTRAINT 2%, 9X,#YHAX =#,E12.5/ OBJCONGS
L 25X, #YMIN =#,E12.5/ OBJCONG?

* 25X, #DIFFP =,E12.51 0BJCONGS

1040 FORMAT(1HO,3X,*CONSTRAINT 3%, 5X,sHMB(MBO-2,1) =%,Et2.5/ 0BJCOHGY
* 21X, ¥WHB(HBO-2,2) =¥,E12.5/ OBJCONTO

L] 25X, #TECLSR  =m,E12.5) 0BJCONTY

END 0BJCONTZ
SUBROUTINE PERTRB (ICALL,X,Y) PERTRB ¢

c PERTRB 3
C N sxand SUBROUTINE PERTURB SR MM# MMM NN NRNNANMNNNNSNPERTRE &
c PERTRB §
C ICALL=1 ... READ INPUT AND PRINT CONTROL PARAMETERS. PERTRB 6
c PERTRD 7
c ICALL=2 ... PERFORM CALCULATIONS ON BASE SOLUTION. PERTRB 8
c PERTRB ¢
c ICALL=3 ... PERFORM CALCULATIONS OM CALIBRATION SOLUTION. PERTRB1O
c PERTRBAY
o4 ICALL=6 ... RETURN PERTURBATION SOLUTION TO CALLING PERTRBIZ
4 SUBROUTINE. PERTRB13
c PERTRB14
Cunt an o LA Ll Ll L] PERTRB1S
[+ PERTRB16
DIMENSION XLOCO(6),XLOC1(6),XLOC2(6),XLOC3(6),XFIX0(8}XFIX1(8) PERTRBY7
DIMENSION LCRO(4),LCR1(4),LCR2(4),LCR3(4),ISEQO(B),ISEQ1(8) PERTRBI®
OIMENSION HEADOtS5)},HEAD!(5),HEAD2(5),HEAD3(5) PERTRB19
DIMENSION XOUT(8),DEL1{10),0RD(10),X1200),Y(200) PERTRB2O
DIHENSION FLAG(83},STRING(100),STRUNI(100) PERTRB21

REAL MO,Mt,HM2 PERTRB22
COMMON /COEFF/ C(10,7),0(10,7),0ELX(200) PERTRB23
COMMON /HEAD/ TITLE(8),JOBKEY PERTRB24
COMMON /PARAM/ PARNAM(10),LSELCT(6),LUNIT,LPLOT,NSELCT,A,B,VNAH(2)PERTRB25
COMMON /PERT/ Q0(101,Q1,Q2(10),M0,M1,M2,N,KPARAH,NPARAM, LTRACE PERTRB26
COMHON /HINMAX/ YMIN,YMAX, YCR2 PERTRBR?
COMMON /SAVE/ XCSAVE(10,200),YCSAVE(10,200) PERTRB28
COMHON /XY/ XBASE(200),XCALB(200),XPERT(200),XAERD(200), PERTRB29

7 XUNIT(200),YBASE(200),YCALB(200),YPERT{200),YAERO({200), PERTRB30

Z YINTP(200),YPRTI(200),DUMMY(200} PERTRB3Y
COMMON /XUYU/ XUSAVE(10,200),YUNIT(10,200) PERTRB32

LEVEL 2, XCSAVE,YCSAVE,XUSAVE,YUNIT,C,D,DELX PERTRBI3

LEVEL 2, XBASE,XCALB,XPERT,XAERC,XUNIT,YBASE,YCALB,YPERT,YAERO, PERTRB34

7 YINTP,YPRTI,DUMMY PERTRB3S
DATA LTERM/0/, LCORR/0/ PERTRB36

DATA HEADO /4HBASE,4H SOL,4HUTIO,4HN: ,4H /s PERTRB37

Z HEADt /4HCALI,GHBRAT,4HION ,4HSOLN,GH: /s PERTRB3S

4 HEAD2 /4HPERT,4HURBA,4HTION,4H SOL,4HN: /, PERTRB3%

F 4 HEAD3 /GHAEROD,4HDYNA,4HHIC ,4H50LM,6H: / PERTRB40

DATA ORD /5H 1ST ,5H 2ND ,5H 3RD ,5H 4TH , PERTRBGI

4

5H 5TH ,5H 6TH ,54 7TH ,5H 8TH ,5H 9TH ,5H10TH /

PERTRB42
PERTRB43

c
P06 136 30336 363330000636 96 3 162 D006 26 003006 0630606 00000 DE MU I H I MM MMM MU MM XU NDERTRRGG

o000 NOO00O00N0N

USER-SUPPLIED STATEMENT FUNCTION YCRIT(Z) DETERHINES CRITICAL
VALUES OF FLOW VARIABLE YCRIT AS FUHCTION OF FLOW PARAMETER Z.

IGRAD (+1 OR -1) IS THE USER-SUPPLIED ALGEBRAIC SIGN OF DYCRIT/DX

USED IN LOCATING THE CRITICAL POINT.

IN THE PRESENT VERSION OF THE CODE.,

POTENTIAL CRITICAL PRESSURE COEFFICIENT FOR AIR (GAMMA = 1.4), Z
IS THE FREE STREAM MACH NUMBER, AND IGRAD CORRESPONDS TO POSITIVE

PRESSURE GRADIENT (+1).

YCRIT REPRESENTS THE FULL-

YCRIT(Z)=2.0%(((2.0+0.4%2%%2)1/2,4)%%(1.4/0.4)~1.0)/(1.4%Z%n2)

IGRAD=1

PERTRB4S
PERTRBY4S
PERTRB47
PERTRB4S
PERTRD49
PERTRBS0
PERTRBST
PERTRBS2
PERTRR53
PERTRBS%
PERTRBS5
PERTRB56
PERTRBS7
PERTRB58

CHEPEIEIEIE DI 6636 336 0060600 9630 3060606 T4 6 06 3.3 H696 363 6 36 3636 6 0EI0 M-I 6 1631000 36 336 MO MR U WX PER TRB5 9

[a X3 Ns] o000

o000

501

20

GO TO 1501,502,503,504),ICALL

CALL INPUT (NPARAM)

WRITE TITLE AND INPUT PARAMETERS.
WRITEL6,1005)

HWRITE (6,1000) TITLE

WRITE (6,1010] N,A,B,NPARAN

NFIX=NSELCT+2
NSEG=NFIX-1

«++.INPUT CONTROL, GECHETRY, AND STRAINING PARAMETERS.

PRINT INFORMATION REGARDING STRAINING TO BE USED.

HWRITE (6,1020) NFIX
WRITE (6,1040)
DO 20 I=1,NSELCT

IF (LSELCTII) .EQ. 1) WRITE (6,1050) VNaM
IF (LSELCT{(I) .EQ. 2) WRITE (6,1060) VNAM

IF (LSELCT(I) .LE. 2) GO TO 20
LCORR=1

LPR=LSELCT(I)-2

WRITE (6,1070} VNAM,ORD{LFR)
CONTINUE

RETURN

BEGIN CALCULATIONS ON BASE SOLUTION.

YCRO=YCRIT(MO}

WRITE (6,1080) HEADO
HRITE (6,1090) VNAM
HRITE (6,1100) MO

IF {NPARAM .EQ. 1) WRITE (6,1110) GO(1},PARNAN(1)

IF (NPARAM .GT. 1) WRITE (6,1120) (K,Q0(K),PARNAMIK],K=1,NPARAM)

WRITE (6,1130) VNAM,YCRO

POINTS FOR BASE SOLUTION.

..NORMALIZE X COORDINATES AND LOCATE MINIMUM, MAXIMUM, AND CRITICAL

PERTRB&O
PERTRB6I

PERTRBA2
PERTRB63
PERTRBéG
PERTRB6S
PERTRB6S
PERTRBL7
PERTRB4S
PERTRB69
PERTRB70
PERTRB71
PERTRB72
PERTRB73
PERTRB74
PERTRB7S5
PERTRB76
PERTRB77
PERTRB78
PERTRB79
PERTRBBO
PERTRBSI
PERTRBO2
PERTRBSY
PERTRBBG
PERTRBE5S
PERTRBSS
PERTRBB7
PERTRBSS
PERTREA9Y
PERTRB90D
PERTRBY

PERTRB92
PERTRBI3
PERTRB9%
PERTRBY5
PERTRBY6
PERTRB97
PERTRB98
PERTRBYY
PERTR100
PERTR101
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CALL COPY12 (M,X,XBASE)}

CALL COPY12 (N,Y,YBASE)

CALL SCALE (N,XBASE,1,A,B)

CALL LOCATE (N,XBASE,YBASE,YCRO,IGRAD,LMHO,LMX0,NCRO,LCRO,XLOCO)
YBCMIN=YBASE(LMNO)

YBCMAX=YBASE(LMX0}

HRITE (6,1140)

HRITE (6,1150)

CALL UPLOW {A,B,XLOCO0,6,HCRO+2,X0UT,FLAG)

WRITE (6,1160) XOUT(1),FLAG(1),LHNO,XOUT(2},FLAG(2),LHX0
IF (NCRO .GT. 0) WRITE (6,1170) NCRO,

Z (ORD{X),XOUT(I+2),FLAG(I+2),LCRO(I},I=1,NCRO)

50

503

60

LOAD SELECTED STRAINING POINTS INTO FIXED-POINT ARRAY FOR BASE
SOLUTION.

XFIX0(1)=0.0
XFIX0(NFIX)=1.0

D0 50 I=1,NSELCT
XFIX0(I+1)=XLOCO(LSELCT(I))
CONTINUE

ARRANGE SELECTED FIXED POINTS IN A MONDTONE SEQUENCE.

CALL SORT {NFIX,XFIX0,ISEQO)

WRITE (6,1200)

WRITE (6,1150)

CALL UPLOKW (A,B,XFIX0,8,NFIX,X0UT,FLAG)
WRITE (6,1210) {X,XOUT(I),FLAG(I),I=1,NFIX)
RETURN

BEGIN CALCULATIONS ON CALIBRATION SOLUTIONS.

K=KPARAM

YCR1=YCRIT(Mt)

BELT(K)=Q1-Q0(K)

CALL COPY12 (N,X,XCALB)

CALL COPY12 (N,Y,YCALB)

CALL COPYVA (1,N,K,XCALB,XCSAVE)

CALL COPYVA {1,N,K,YCALB,YCSAVE)

IF (NPARAM .EQ. 1) WRITVE (6,1080) HEAD?

IF {NPARAM .GT. 1) WRITE (6,1220) ORD(K),HEAD!
WRITE (6,1090) VNAH

HWRITE (6,1230) Hi

IF (NPARAM .GT. ) KWRITE (6,1240)

DO 60 KK=1,NPARAM

IF (HPARAM .EQ. 1) KRITE (4,1250) Q1,PARNAM(1)
IF (NPARAM .GT. 1
IF {KK .NE. K) KRITE (6,1270) KK,QO(KK),PARNAM(KK)
CONTINUE

HRITE (6,1130) VNAH,YCRI

NORMALIZE X COORDINATES AND LOCATE MINIMUM, MAXIMUM, AND CRITICAL
POINTS FOR KTH CALIBRATION SOLUTION.

CALL SCALE (N,XCALB,1,A,B)

CALL LOCATE (N,XCALB,YCALB,YCRt,IGRAD,LHN1T,LMX1 ,NCR1,LCR1,XL0CY)
YTHIN=YCALBCLMNY)

YTHAX=YCALB{LHX1)

IF (YTMIN .LT. YBCMIN) YBCMIN=YTMIN

PERTRIO02
PERTR103
PERTRt 04
PERTR10S
PERTR106
PERTRIO7
PERTR108
PERTR10S
PERTR110
PERTRI 1Y
PERTRII2
PERTR113
PERTR114
PERTR115
PERTRI16
PERTR117
PERTRI1D
PERTRIL9
PERTRI20
PERTR12Y
PERTR122
PERTR123
FERTR12&
PERTRIZS
PERTR126
PERTR127
PERTR128
PERTR129
PERTR130
PERTRI3I
PERTR132
FERTR133
PERTR134
PERTR135
PERTR136
PERTR137
PERTR138
PERTR139
PERTR140
PERTR14)
PERTR142
PERTRIG3
PERTR144G
PERTR145
PERTR146
PERTRIG7
PERTR148

LAND. KK .EQ. K) WRITE (6,1260) KK,Q1,PARNAM(KKIPERTR149

PERTR150
PERTR15%
PERTR152
PERTR153
PERTR154
PERTR{55
PERTR156
PERTRIS?
PERTR158
PERTRI59
PERTRI60
PERTIR161

aoonon ononooon

0000

o000

OO0 00

IF (YTHAX .GT.
WRITE (6,1140)
WRITE (6,1150)
CALL UPLOW ¢A,B,XLOCY,6,NCR142,X0UT,FLAG)

WRITE (6,1160) XOUT(1),FLAG(T3,LMN1,X0UTI2),FLAG(2),LMX)
IF (NCR1 .GT. 0) WRITE (6,1170) MCRY,

YBCHAX) YBCMAX=YTHAX

Z (ORD(T).XOUTLI+2),FLAG(I*+2),LCRI(I),I=1,HCRY)

7

=3

o
o

CHECK FOR INVALID STRAINING SPECIFICATION.

ICOUNT=0

DO 70 I=1,NSELCT
IF (LSELCT(I) .LE.
ICOUNT=ICOUNT *+1

IF (HCRO .NE. NCR1) LTERM=1
CONTIHUE

2) GO TO 70

STOP EXECUTION IF CRITICAL POINTS ARE TO BE USED IN STRAINING AND
NUHMBER OF CRITICAL POINTS IN BASE AHD CALIBRATIOH SOLUTIONS ARE
UHEQUAL .

IF (LTERM .EQ. 1) GO TO 900

STOP EXECUTION IF NUMBER OF CRITICAL POINTS SELECTED EXCEEDS
NUMBER ACTUALLY LOCATED.

IF (ICOUNT .GT. NCRO) GO TO 905

LOAD SELECTED STRAIMING POINTS INTO FIXED-POINT ARRAY FOR KTH
CALIBRATION SOLUTION.

XFIX1(1)=0.0
XFIX1{NFIX}=1.,0

DO 100 I=1,NSELCT
XFIXT(TI+1}=XLOCT{LSELCT(I))
CONTINUE

ARRANGE SELECTED FIXED PDINTS IN A MONOTONE SEQUENCE.

CALL SORT (NFIX,XFIX1,ISEQ1)

KRITE (6,12001}

WRITE {(6,1150)

CALL UPLOW (A,B,XFIX1,8,NFIX,X0UT,FLAG)
WRITE €6,1210) {I,X0UTLI),FLAG(X},I=1,NFIX)

STOP EXECUTION IF ORDER OF OCCUPRENCE OF CRITICAL POINTS IN BASE
AND CALIBRATION SOLUTIONS DOES NOT CORPRESFOND.

DO 110 I=1,NFIX
IF (ISEQO(I) .NE.
CONTIHUE

ISEQI(I)) GO TO 910

COMPUTE COEFFICIENTS IN KTH UNIT STRAINING OF XBASE

XSTR = C(K,I) + D(K,T)»XBASE, I=1,2, ... ,NSEG.

WHERE NSEG IS THE HUMBER OF LINEAR SEGMENTS.

00 130 I=1,HSEG
CHUM=YFIXT{ T I*XFIXO(I+1 )-XFIX1 (T4 )I¥XFIXO(I)

PERTR162
PERTR1S3
PERTR16%
PERTR165
PERTR166
PERTR167
PERTR168
PERTR169
PERTR170
PERTR171
PERTR172
PERTR173
PERTRI 74
PERTR175
PERTR176
PERTR177
PERTRI78
PERTR179
PERTR180
PERTR181
PERTR182
PERTR183
PERTR184
PERTR185
PERTR186
PERTR187
PERTR188
PERTR189
PERTR190
PERTR1 91
PERTR192
PERTR193
PERTR194
PERTR195
PERTR196
PERTR197
PERTR198
PERTR199
PERTRZ00
PERTR201
PERTR202
PERTRCO03
PERTRCO0G
PERTR205
PERTR206
PERTR207
PERTR208
PERTR209
PERTR210
PLRTR211
PERTR212
PERTP213
FERTRC14
PERTR21S
PERTR216
PERTR217
PERIR218
PERTR219
PEPTRCC

PLRIRZD
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15
16

19

20

- .CORRECT VALUES ON EITHER SIDE OF CRITICAL PDINTS, IF THESE ARE

0
0

0

a

OHUM=XFIXTEI#+1)-XFIX1(T)
DEHCH=XFIXO(I41)-XFIX0(I)
C{K, I)=CHUM./DENON

D(K, I)=DNUM/DENOM
COHTINUE

DETERMINE KTH UNIT STRAINING OF XBASE.
CALL STRAIN (N,K,NSEG,XFIX0,XBASE,1.0)

00 t40 I=1,N
XUHIT(I)=XBASE(I)*DELX(I}

PERTR222
PEPTRI23
PLPIRC24
PERTRCC

PERIRCIC6
PEPTRZZ?
PERTPZ2CO
PERTPZ29
PERTRC30
PERTR231
PERTRZ32
PERTR233

INTERPOLATE CALIBRATIOH SOLUTION TO BASE FLOM POINTS CORRESPONDINGFERTRZ34

TO UNIT STRAINING.

CALL INTERP (N,XCALB,YCALB,XUNIT,YINTP)

USED IN STRAINIHG.

IF (LCORR .EQ. 0) GO TO 160

DO 150 I=1,NCRY
YINTPCLCRO(I})=YCALBC(LCRI(I))
YINTP(LCRO(I)+1)=YCALB(LCRI(I)*1)
CONTINUE

CONTINUE

DETERMINE THE KTH UNIT PERTURBATION.

00 170 I=1,N
YUNIT(K,I)}={YINTP(I)-YBASE(I))/DELV1{K}

SAVE UNIT STRAINING IF REQUIRED FOR LATER PRINTOUT.

IF (LUNIT .EQ. 0) GO TO 180

CALL SCALE (N,XUNIT,2,A,B}

CALL COPYVA {1,H,K,XUNIT,XUSAVE)
IF (KPARAM .LT. NPARAM) RETURN

PRINT UNIT PERTURBATION(S) AND UNIT STRAINING(S) IF LUNIT .NE.

IF (LUNIT .EQ. 0) RETURM

CALL SCALE (N,XBASE,2,A,B)

IRPT=0

IF (NPARAM .GT. 5) IRPT=1

KSTART=1

KSTOP=5

IF (KSTOP .GT. NPARAM) KSTOP=NPARAM

GO TO 200

KSTART=6

KSTOP=HPARAM

CONRTIHUE

WRITE (6,1280) VNAH

IF (MPARAM .GT. 1) WRITE (6,1290) KSTART,KSTOP

IF (NPAPAM .EQ. 1} WRITE 16,1300)

IF (NPARAM .EQ. 1) GO TO 210

HUM=KSTOP-KSTART+1

IF (NUH .EQ. 1) HRITE (6,1310) (ORD(K},K=KSTART,KSTOP)
IF (HUM _EQ. 2) HRITE (6,1320) (ORD(K),K=KSTART,KSTOP)
IF (NUM .EQ. 3) WRITE (6,1330) (ORDIK),K=KSTART,KSTOP)

PERTR235
PERTRZ 36
PEPTR237
PERTR238
PERTR239
PERTR240
PERTR241
PERTR2642
PERTR243
PERTR244
PERTRI4S5
PERTR246
PERTR247
PERTRC48
PERTRZG9
PERTR250
PERTR251
PERTR252
PERTR253
PERTRZ54
PERTR253
PERTR256
PERTR257
PERTR258
PERTR259
PERTR260

. PERTRZ6H

PERTRZ62
PERTR263
PERTREZ6G
PERTR265
PERTR266
PERTR267
PERTRCI68
PERTR269
PERTR270
PERTRZT1

PERTR272
PERTR273
PERTR274
PERTR275
PERTR276
PERTR277
PERTPC78
PERTR279
PERTRZB0O
PLRTRCB1
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22

o

260
270

IF (HUM .EQ. 4) HRITE (6,1340) (ORD(K),K=KSTART,KSTOP)
IF (HUN .EQ. 5) WRITE (6,1345) [ORD(K},K=KSTART,KSTOP)
CONTINUE

CALL FILL €1,0,STRPUND)

KLAST=20YIFESTOP-KSTART+1)

HWRITE 16,1350} ISTRUNI(K},K=1,KLAST)

HRITE (6,1360)

DO 220 I=t,N

HWRITE (6,1370) I,XBASE(I),(XUSAVE(K,I),YUNIT(K,I),K=KSTART,KSTOP)

IF (IPPT .EQ. 0) GO TO 230
IRPT=0

GO TO 190

CALL SCALE (N,XBASE,1,A,8)
RETURH

CONSTRUCT PERTURBATION SCLUTIONS FOR REQUIRED CASES.

YCR2=YCRIT(M2)

YCR3=YCR2

CALL COPY12 (HN,X,XAERD)

IF (LTRACE .EQ. 1} CALL COPY12 (N,Y,YAERO}

INITIALIZE STRAINED COOPDIMATE AND PERTURBATION SOLUTION.

DO 250 I=1,N
XPERT({I)=XBASE(I)
YPERT(I)=YBASE(I)

ADD IN COMTRIBUTIOHS FROM ALL PERTURBATIONS.

D0 270 K=1,NPARAM

DEL2=Q2(K}-Q0(K}

DEL21=DEL2/DELY(K}

CALL STRAIN (N,K,NSEG,XFIX0,XBASE,DEL21)
DO 260 I=1,N

XPERT(I)=XPERT(I)*DELX(I)
YPERT(I)=YPERT{I+DELC*YUNITIK,I)
CONTINUE

ADJUST VALUES NEAR CRITICAL POINT FOR MONOTONE BEHAVIOR.

IF (LCORR .ER. 1} CALL MONO (NCRO,LCRO,XPERT,YPERT)

INTERPOLATE SOLUTION IN STRAINED COORDIHATES TO BASE X VALUES.

CALL INTERP {N,XPERT,YPERT,XBASE,DUMMY)
CALL COPYZ21 (N,DUNMY,Y)

IF (LTRACE.EQ.0) RETURN

COMPARISON OF PERTURBATION AND AERODYNAMIC SOLUTIONS.

LOCATE MINIMUM, HMAXIMUM, AND CRITICAL POINTS IN PERTURBATION

SOLUTION.

CALL SCALE (N,XPERT,2,4.B)
CALL SCALE (N,XFERT,1,A,B)

CALL LOCATE (MN,XPERT,YPLRT,YCR2,IGRAD,LMN2,LMX2,HCR2,LCR2,XLOC2)

YMIN=YFERT{LMNZ)
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YMAX=YPERT(LMX2)

YPCHIN=YMIN

YPCHAX=YMAX

WRITE 16,1380)

WRITE 16,1090} VNAM

HRITE (6,13%0) 2

IF (NPARAM .EQ. 1) WRITE (6,1400) Q21{1),PARNAM(1)

IF (NPARAM .GT. 1) WRITE (6,1610) {K,Q2(K),PARNAMIK),K=1,NPARAM}
WRITE 16,1130) VNAM,YCR2

HWRITE 16,1140)

HWRITE (6,1150})

CALL UPLONW (A,B,XL0OC2,6,NCR2+2,X0UT,FLAG)

WRITE (6,1420) HEAD2,XOUT(1),FLAG(1),LMH2,X0UT(2),FLAG(2), LMX2
IF (NCR2 .GT. 0) WRITE (6,1430) NCR2,
Z {ORD(I),XQUT{I+2),FLAGII*+2),LCR2(I),I=1,NCR2}

CALL SCALE (N,XBASE,2,A,B)

«+.LOCATE MINIMUM, MAXIMUM, AND CRITICAL POINTS IN AERCDYHAMIC

SOLUTION.

CALL SCALE (N,XAERO,1,A,B)

CALL LOCATE (N,XAEROC,YAERO,YCR3,IGRAD, LMN3,LMX3,NCR3,LCR3,XLOC3)
YHIN=YAERO(LMN3)

YMAX=YAERO( LMX3)

IF (YMIN .LT. YPCMIN) YPCMIN=YMIN

IF (YMAX .GT. YPCMAX) YPCMAX=YMAX

CALL UPLOW (A,B,XL0OC3,6,NCR342,X0UT,FLAG)

WRITE (6,1620) HEAD3,X0UT(1),FLAG( 1), LMN3,X0UT(2),FLAG(2),LHX3
IF (NCR3 .GT. 0) WRITE {6,1430) NCR3,
4 {ORD(I),XOUT(I+2),FLAG(I*+2},LCR3{I),I=1,NCR3)

CALL INTERP (N,XPERT,YPERT,XAERO,YPRTI)

CALL LOCATE (N,XAERO,YPRTI,YCR3,IGRAD,LMH3,LMX3,NCR3,LCR3,XLOC3)
YTHIN=YPRTI(LHN3)

YTHAX=YPRTI(LMX3)

IF IYTAIN .LT. YMIN) YHIN=YTHIN

IF (YTHAX .GT. YMAX) YMAX=YTHMAX

CALL SCALE (N,XPERT,2,A,B)

CALL SCALE (N,XAERQ,2,A,B)

CALL FILL (2,0,STRING)

KWRITE (6,1440) VHAH

WRITE (6,1650) VNAM, YMAX,VNAM, YMIN,VNAH, YCR2,VNAM, VNAM

WRITE (6,1460) VNAM,VNAM,VNAM,VNAM, (STRING(I),I=1,72)

00 280 I=t1,N

CALL FILL (3,I,STRING)

280 WRITE (6,1470) I,XBASE(I),YBASE(I),XPERT(I),YPERT(I),

7 XAERO(I),YAERO(I),YPRTI(I),(STRING(11),1I=1,72)

..IF LPLOT .NE. 0 GEMERATE PERIPHERAL PLOT OF PERTURBATION AND
AERODYNAMIC SOLUTIONS.

IF (LPLOT .EQ. 0) GO TO 320
YMIN=YBCMIN

YHAX=YBCHMAX

IF (YPCHIN .LT. YMIN) YMIN=YPCMIN

IF (YPCHAX .GT. YMAX] YMAX=YPCHAX
CALL DRVPLT (N,NPARAM,YMIN,YHMAX,YCR2)

0 CALL SCALE {N,XBASE,1,A,B)

RETURN

.. ABHORMAL TERHINATION OF COMPUTATION.

PERTR342
PEPTRIGS
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PERTR39}
PERTRI
PERTR395
PERTR396
PERTR397
PERTR398
PERTR399
PERTR400Q
PERTR4D1

900 WRITE (6,9000)
GO 10 997

905 WRITE (6,3050)
GO 10 999

910 WRITE (6,9100)

999 WRITE (6,5500)
STOP

..... 170 FORMAT STATEMEMTS FOLLOKW,

c
1000 FORMAT(1HO,132(1H*)/

Z 1X,1H#%,25%,8A10,25X, 1H*/
Y4 1X13201H™)2/7)
1005 FORMAT(1H!,35X,37H--- INPUT FOR PERTURBATION METHOD ---//)

1010 FORMAT {1X,29..... LIST OF INPUT PARAMETERS//
7 6X,3HN =,146//
Z 6X,3HA =,F5.1,4X,3HB =,F5.1//
A 6X ) 8HHPARAM =,12///7)
1020 FORMAT (1X,22H..... STRAINING OPTIONS//
Z 6X:23HNUMBER OF FIXED POINTS:,I2/)

1040 FORMAT (6X,45HFIXED POINTS WILL BE AUTOMATICALLY DETERMINED/
7~ 6X,44HBY THE PROGRAM FOR ALL SOLUTIONS AS FOLLORS://
% 11%,14HTWO END POINTS)

1050 FORMAT (11X, 16HPOINT OF MINIMUM,{1X,2A1)

1060 FORMAT (11X, 16HPOINT OF MAXIHUM,1X,2A1}

1070 FORMAT (11X,2A1,6HCRIT (,A5,6HPOINT))

1080 FORMAT (1H1,26HRESULTS OF COMPUTATIOHS OM,1X,544///)

1090 FORMAT (1X,17H..... MACH NUMBER,/

6X,34HVALUES OF PERTURBATION PARAHETERS,/

6X, 1 7HCRITICAL VALUE OF,1X,2A1,1H:/)

1100 FORMAT {11X,4HMO0 =,F7.64/)

1110 FORMAT (11X,4HR0 =,F10.4,5X,1H(,A8,1H}/)

1120 FORMAT (11X,3HQO(,I1,3H) =,F10.4,5X,1H(,A8,1H)/)

1130 FORMAT (11X,2A1,6HCRIT =,F8.4///7)

1140 FORMAT (1X,47H..... LOCATIONS OF MIN., MAX., AND CRITICAL PTS.)

1150 FORMAT (3X,34H(» DENOTES POINT ON LOWER SURFACE)/)

1160 FORMAT (6X,14HMINIMUM AT X =,F7.4,A1,3X,10H{POINT NO.,I14,1H}/
Z 6Xy 14HMAXIHUM AT X =,F7.4,A1,3X, 10HIPOINT HO.,I4,1H))

1170 FORMAT (6X,I1,1X,18HCRITICAL POINT{S)t/
Z (9X, A5, 6HAT X =,1X,F6.4,A1,3X,
4 16HUAFTER POINT NO.,IG,1HI))

1200 FORMAT (///1X,29H..... LOCATION OF FIXED POINTS)

1210 FORMAT (11X,5HNFIX(,11,3H) =,F7.64,A)

1220 FORMAT (1H1,26HRESULTS OF COMPUTATIONS ON,tX,A5,5A4///)

1230 FORMAT (11X,4HMY =,F7.4/)

1240 FORMAT (2X,41H(»% DEMOTES PERTURBATION FROM BASE VALUE)/)

1250 FORMAT (11X,4HQ1 =,F10.4,5X,1H(,A8,1H}/)

1260 FORMAT (9X,5H#%Q1¢,I1,3H) =,F10.4,5X,1H(,A8,1H)/)

1270 FORMAT (11X,3HQU1(,I1,3H} =,F10.4,5X.1H(,AB,1H)/)

1280 FORMAT (1HV,20HUNIT PERTURBATION OF,1X,2A1,1X,
7 27HAHD UNIT STRAINING OF XBASE)

1290 FORMAT {26H FOR CALIBRATION SOLUTIONS,I2,1X,7HTRROUGH,I2)

1300 FORMAT (//1H )

1310 FORMAT (///719X, 10 1H*,AB, 11HCALB SOLN *,3X))

1320 FORHAT (///19X,2( TH¥,A5,11HCALB SOLN #,3X)}

1330 FORMAT (///19X,3(1H*,A5,11HCALB SOLN »,3X})

1340 FORMAT {///719X,G(1H%,A5,11HCALB SOLN »,3X))

1345 FOPMAT (///19X,5(1H¥%,A5, 11HCALB SOLN #,3X))

NN

PERTIRA02

PERTR4O3
PERTIR404
PERTR4G05
PERTRAGO6
PERTRYO7
PERTR408
PER1P4OD9
PEPTRG10
PERTPG1

PERTRG12
PERTP413
PERTRG1G
PERTR415
PERTR416
PERTRG17
PERTRG18
PERTRG19
PERTR420
PERTRA21

PERTR422
PERTR423
PERTR424
PERTR4CE
PERTR426
PERTR427
PERTR428
PERTR429
PERTR430
PERTR431

PERTR432
PERTR433
PERTRG3G
PERTR41S
PERTRG3S
PERTR437
PERTR438
PERTR439
PERTR440
PERTR441
PERTR44G2
PERTR443
PERTR4GGG
PERTRG45
PERTRGG6
PERTR447
PERTR448
PERTR449
PERTRA4SD
PERTR451
PERTR452
PERTRGS3
PERTR454
PERTR455
PERTR456
PERTR457
PERTR458
PERTRAG59
PERTRG60
PERTRGS]
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1350 FORMAT{ 1X,5HPOINT,4X,5HXBASE,4X,100A1)
1360 FORMAT (1X)
1370 FORMAT (1X,I4,tX,11F10.4}
1380 FORMAT (1H1,56(1H*)/1X,2H* ,
7 52HCOMPARISON OF AERODYNAMIC AND PERTURBATION SOLUTIONS,

4

1430 FORMAT

NN

1440 FORMAT

Z
1450 FORMAT

NNNNNNN

1460 FORMAT

~N

1470 FORHAT

7 2H #/1X,5611H®*}/7/)
1390 FORMAT
1400 FORMAT
1410 FORMAT
1420 FORMAT

(11X%,64HM2 =,F7.4/)

(11X,4HQ2 =,F7.4,5X,1H{,AB,1H)/)

11X, 34R20,11,3H) =,F7.4,5X,1H(,A8,1H)/)

(76X,584//

11X, $GHMINIHUM AT X =,F7.4,A1,3X,10H(POINT NO.,I4,1H)/
11X, 16HMAXTHUM AT X =,F7.4,A8,3X, 10H(POINT NO.,I4,1H))

(tH 10X, I1,1X, 18HCRITICAL POINT(S):/

(14X,A5,6HAT X =,F7.4,A9,3X,
16H{AFTER POINT NO.,I4,1H}))

(7/771X,44R. ... . FINAL PRINTOUT AND GRAPHICAL DISPLAY OF,1X,

2A1)

(/72X,21HH = MAXIHUM VALUE OF,1X,2A1,1X,1H=,F8.4/
72X,21HL = MINIMUM VALUE OF,1X,2A1,1X,1H=,F8.4/
72X,21H® = CRITICAL VALUE OF,1X,2A1,1X,1H=,F8.4/
72X, 12HP = VALUE OF,1X,2A1,1X,

34HPREDICTED BY PERTURBATION SOLUTION/
72X;12HA = VALUE OF ,1X,2A1,1X,
23HIN AERODYNAMIC SOLUTION/
72X,29H$ = AGREEMENT BETHEEN P AND A)
(72X, 2HPT,2X, SHXBASE » 3X, 2A1,4HBASE , 2X, SHXPERT, 3X, 2A1

PERTRG62
PERTR463
PERTR464
PERTR465
PERTR466
PERTR467
PERTRG68
PERTR469
PERTR470
PERTR4T1
PERTR472
PERTR473
PERTRG74
PERTR47S
PERTR476
PERTR477
PERTR478
PERTR479
PERTR480
PERTR481
PERTR482
PERTR483
PERTR484
PERTRG85
PERTR486
PERTR4S87

4HPERT, 2X, SHXAERD) 3X, 2At , GHAERQ, 2X» 2A1 »4HPINT, 1X, 72A1/ )PERTR488

(1X,I3,7F8.4,1X,72A1)

C
C.... . ABNORMAL TERMINATION FORMATS FOLLOH.
c

9000 FORMAT (///1X,28HNUMBER OF CRITICAL POINTS IN/

Z

1X, 30HBASE AND CALIBRATION SOLUTIONS/
1X, 31HARE UNEGQUAL - CALCULATION ENDED)

Z
9050 FORMAT (///1X,25HNUMBER OF CRITICAL POINTS/

NNN

1X,23HSELECTED EXCEEDS NUMBER/
1X, 3O0HACTUALLY LOCATED - CALCULATION/
1X, SHENDED )

9I00 FORHMAT (///71X.28HORDER OF SPECIFIED POINTS IN/

NN

1X,30HBASE AND CALIBRATION SOLUTIONS/
1X»39HDOES NOT CORRESPOND - CALCULATION ENDED)

9500 FDRHAT (1H1)

SUBROUTINE COPY12 {N,XIN,X0UT)

c
C.....COPIES ELEMENTS OF VECTOR XIN (LEVEL 1) TO VECTOR XOUT (LEVEL 2).
c

OIMENSION XIN(200),X0UT(200)
LEVEL 2, XOuT

DO 10 I=1,N

XOUTII)=XIN(I}

RETURN

END

SUBROUTINE COPY21 (N,XIN,X0UT)

.COPIES ELEMENTS OF VECTOR XIN (LEVEL 2) TO VECTOR XOUT (LEVEL 1).

DIMENSION XIN(200),X0UT(200)
LEVEL 2, XIN
DO 10 I=1,N

PERTR489
PERTRG90
PERTR491
PERTRG92
PERTR493
PERTR4%4
PERTR495
PERTRA496
PERTR497
PERTR498
PERTR499
PERTR500
PERTRS01
PERTR502
PERTR503
PERTR504
CoPYi12
COPYI2
COPY12
COPY12
coPY12
copyi2
CopPYi2
copyi2
CoPY1210
CoPYt21t
corr21
corvat
copr2t
coPry21
coprat
CoPY21
coPy21

OPNCWP WP

PN MEWUN

10

c
c....
c

10
20

30

XOUT(I)=XIN(I)

RETURN

END

SUBROUTINE COPYVA {ICALL,N,K,VECTOR,ARRAY)

.COPIES ELEMENTS OF VECTOR INTO KTH ROW OF ARRAY.

DIMENSION VECTOR(200),ARRAY(10,200)

LEVEL 2, VECTOR,ARRAY

IF (ICALL .EQ. 2) GO TO 20

00 10 I=1,N

ARRAY(K,I)=VECTOR(I)

RETURN

CONTINUE

00 30 I=t,N

VECTOR( I)=ARRAY(K,I)

RETURN

END

SUBROUTINE DRVPLT (N,NPARAM,YMIN,YMAX,YCR2)
DIMENSION HLINE3(3),XPLOT(200),YPLOT(200)
COHMON /HEAD/ ZTITLE(8),JOBKEY

COMHON /SAVE/ XCSAVE{10,200),YCSAVE(10,200)
COMMON /XY/ XBASE(200},XCALB(200),XPERT(200),XAERO(200),
7 XUNIT(200),YBASE(200),YCALB{200),YPERT(200),YAERO(200},
Z YINTP(200},YPRTI{200),DUNMY{200)

LEVEL 2, XCSAVE,YCSAVE

LEVEL 2, XBASE,XCALB,XPERT,XAERO,XUNIT,YBASE,YCALB,YPERT,YAERO,
Z YINTP, YPRTI,BUHHY

DATA NPLOT /0/

IF (NPLOT .EQ. 0) CALL BETA
MIN=10.0%({YHIN-0.1)

MAX=10,0%( YMAX+0.1)

YMIN=0.{#HIN

YHAX=0. 1%MAX

DO 20 K=1,NPARAM

NPLOT=NPLOT-1

ENCODE (22,1010,HLINE3) K,NPARAH

CALL BGNPL (-1)

CALL MIXALF ("L/CST")

CALL MX3ALF ("INSTR™,"“%™)

CALL SIMPLX

CALL TITLE (1H ,1,1HXy1,"ZE0.5)CZEX(P)$',100,6.0,8.0)
CALL HEADIN ("PLOT (OF) CZL0.25H0.7(P)$",100,3,3)
CALL HEADIN (JOBKEY»9,2,3)

CALL HEADIN (HLINE3,22,2,3)

CALL GRAF €0.0,"SCALE™,1.0,YMAX," "SCALE", YMIN)
CALL FRAME

IF (YCRZ .GT. YMAX) GO TO t0

CALL RLVEC (0.0,YCR2,0.2,YCR2,0000)

CALL RLMESS (“CZL{PZBE(»)$",100,0.21,YCR2)
CONTINUE

CALL DASH

CALL coPY21 (N,XBASE,XPLOT)

CALL COPY21 (N,YBASE,YPLOT}

CALL CURVE (XPLOT,YPLOT,N,0)

CALL RESEY ("DASH"}

CALL DOT

CALL COPYVA (2,N,K,XCALB,XCSAVE)

CALL COPYVA (2,H,K,YCALB,YCSAVE)

CALL COPY21 (N,XCALB,XPLOT)

copy21 ¢
copPy2110
copy2111
COPYVA 2
COPYVA 3
COPYVA &
COPYVA &
COPYVA 6
COPYVA 7
COPYVA 8
COPYVA 9
COPYVALQ
COPYVA1LY
CoPYVA12
COPYVA13
COPYVA14
COPYVA1S
COPYVALG
DRVPLT 2
ORVPLT 3
DRVPLT &
ORVPLT 5
DRVPLT 6
DRVPLT 7
DRVPLT 8
DRVPLT 9
ORVPLTI0
DRYPLT11
DRVPLT12
ORVPLT13
DRYPLT14
DRVPLT1S
DRVPLT16
DRVPLT17
ORVPLT1S
DRVPLT19
DRVPLT20
DRVPLT21
DRVPLY22
DRYPLT23
DRVPLT24
DRYPLT25
DRVPLTZ6
DRVPLT27
DRVPLT28
DRVPLT29
DRYPLT30
DRVPLTH
DRVPLTI2
ORVPLT33
DRVPLT34
DRVPLT35
DRVPLT3S
DRYPLT3?7
DRVPLT18
DRVPLT39
DRYPLT40
DRVPLTH1
ORVPLT42
DRVPLT43
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CALL COPY2Y [N,YCALB,YPLOT}
CALL CURVE (XPLOT,YPLOT,N,0)}
CALL RESET ("'DOT")

CALL MARKER (1}

CALL COPY2% (N,XPERT,XPLOT)
CALL COPY2t (N,YPERT,YPLOT)
CALL CURVE (XPLOT,YPLOT,N,-1)
CALL RESET (''MARKER')

CALL COPY21 (N,XAERO,XPLOT)
CALL COPY21 (N,YAERO,YPLOT)
CALL CURVE {XPLOT,YPLOT,N.D)
CALL EHDPL (NPLOT)

20 CONTINUE N
1010 FORMAT (16HCALIBRATION NO. ,I1,4H OF ,I1)

2

3

4

5

6

RETURN
END
SUBROUTINE FILL (ICALL,I,STRING)

..FILLS ARRAY STRING WITH CHARACTERS FOR TABLE HEADINGS AND PRIMTER

PLOTS.

DIMENSION STRING(100),UNIT(20)

DRVPLT44
DRVPLYGS
ORVPLT46
DRVPLT47
ORVPLTGS
DRVPLT49
DRVPLT50
DRVPLTS!
ORVPLT52
DRVPLTSY
DRVPLT54
DRVPLT55
DRVPLTS56
DRVPLTS?
ORVPLT58
DRVPLTSY
FILL

FILL

FILL

FILL
FILL

COMMON /PARAM/ PARNAM(10),LSELCTt6), LUNIT, LPLOT,NSELCT,A,B,VNAM(2)FILL

COMMON /HINMAX/ YMIN,YMAX,YCR2

COHMON /XY/ XBASE(200),XCALB(200),XPERT(200),XAERO(200),
7 XUNIT(200),YBASE(200),YCALB(200),YPERT(200),YAERO(2001),
7 YINTP(2001,YPRTI(2001),0UMHMY(2001}

LEVEL 2, XBASE,XCALB,XPERT,XAERD,XUNIT,YBASE,YCALB,YPERT,YAEROD,

7 YINTP,YPRTI,DUMMY
DATA IENT /0/

DATA STAR/1H®*/, P/1HP/, AA/1HA/, DASH/tR-/, H/1HH/, EL/1HL/,

Z BLANK/1H /, DOLLAR/1H$/
DATA UNIT /1HX,THS, tHT» THR; THU, THR tHI, IHTAH 14,
Z 1H »1H ,1H THUHN, tHI, 1HT, 1H 4 1H L 1H /

GO TO (10,30,50), ICALL
0 JENT=IENTH#1
IF (IENT .GT. 1} RETURN
UHIT(12}=VHAN(1)
UNIT(13)=VHAM(2)
00 20 J=1,20
DO 20 K=1,5
II=J+20%{K-1}
STRING(II)=UNITEJ)
RETURN
RAHGE=YMAX-YMIN
IFLAG=0
IF (YCR2.GT.YMAX .OR.
00 40 II=1,72
STRING(IT)=DASH
STRING(11=H
STRING(72)=EL
IF (IFLAG.ER.1) RETURN
NSTAR={+( YMAX-YCRZ )/RANGE#71
STRING(NSTAR)=STAR
RETURN
0 CONTINUE
DO 60 II=1,72
STRING(II)=BLANK
IF (IFLAG.ER.0) STRING(NSTAR)=STAR
YP=YPRTI(I)

=3

YCR2.LT.YMIN) IFLAG=1

o

2
3
4
FILL 5
6
7
8
9

FILL

FILL 10
FILL 11
FILL 12
FILL 13
FILL 14
FILL 15
FILL 16
FILL 17
FILL 18
FILL 19
FILL 20
FILL 21
FILL 22
FILL 23
FILL 24
FILL 25
FILL 26
FILL 27
FILL 28
FILL 29
FILL 30
FILL 31
FILL 32
FILL 33
FILL 34
FILL 35
FILL 36
FILL 37
FILL 38
FILL 39
FILL 40
FILL 41
FILL 42
FILL 43
FILL 64
FILL 45

ARRAY OF LENGTH 6 OF WHICH NSELCT ELEMEMTS ARE READ INPUT
IN. SPECIFIES NATURE OF POINTS TO BE HELD INVARIANT INPUT

ACCORDING TO THE CODE INPUT
INPUT

1 ... MINIMUHM PT. HELD INVARIANT INPUT

2 ... MAXTHUM PT. HELD INVARIANT INPUT

3 ... 1ST CRITICAL PT. HELD IHNVARIANT INPUT

4 ... ZND CRITICAL PT. HELD INVARIANT INPUT

5 ... 3RD CRITICAL PT. HELD INVARIANY IHPUT

6 ... 4TH CRITICAL PT. HELD INVARIANT INFUT

IHPUT

NOTE THAT THE CODE MUMBERS CAM BE ASSIGNED IN ANY IHPUT
ORDER, E.G. INPUT
INPUT

LSELCT(1) = 1 INPUT

LSELCTE2) = 3 IHRUT

LSELCT(3) = 4 THFUT

eyt

NPERT=1+{ YMAX-YP)/RANGE*71 FILL
STRING(NFERT j=P FILL
YC=YAFRO(I) FILL
HCHEK=1+( YMAX-YC )/RANGE*71 FILL
STRING{HCHEK)=AA FILL
IF (NFERT .EQ. NCHEK) STRING(NPERT)=DOLLAR FILL
RETURH FILL
END FILL
SUBROUTINE IMPUT {NPARAM) INFUT

c IHPUT

c IHPUT FOR SUBROUTINE PERTURB IS REQUIRED IN THE FOLLOWING FORM. IHPUT

c FOR DETAILS SEE ACCOMPANYING MANUAL. INPUT

C IHPUT

C¥sx ITEM NO. 1 - ONE CARD (BATO0} ®xwawswxn hid s INPUT

c INPUT

c TITLE IDENTIFIES JOB - PRINTED AS HEADLINE OM FIRST PAGE IMPUT

c OF OUTPUT. FIRST NINE CHARACTERS ARE USED TO INPUT

c IDENTIFY PERIPHERAL PLOT. INPUT

c IHPUT

Cumxs ITEM NO, 2 = ONE CARD (TGS} 58000050 3000 20 30 3630 336 96 36 36 36 06 6 36 306 K 60 06 06 30 3¢ DU 0606 036 9 % THPUT

c INPUT

c NSELCT NUMBER OF POINTS (IN ADDITION TO END POINTS) TO BE INMPUT

c HELD INVARIANT IN STRAINING. INPUT

c NOTE: 1 .LE. NSELCT .LE. 6. INPUT

c INPUT

c LUNIT CONTROLS WHETHER OR NOT UNIT COORDINATE STRAINING(SIINPUT

C AND UNIT PERTURBATION(S) ARE PRINTED. INPUT

c INPUT

c LUNIT = 0 ... NO OUTPUT INPUT

c LUNIT = 1 . ouTPUT INPUT

c INPUT

c LPLOT SPECIFIES WHETHER OR NOT AN ADDITIONAL PLOT BY A INPUT

c PERIFHERAL DEVICE IS TO BE MADE {SOFTWARE MUST BE IHPUT

c SUPPLIED BY USER IN SUBROUTINE DRVPLT). INPUT

c INPUT

[ LPLOT = 0 ... NO PERIPHERAL PLOT INPUT

c LPLOT = 1 ... PERIPHERAL PLOT INPUT

c : INPUT

Comus ITEM NO. 3 - DNE CARD (16T5 ) SMIEMMM:MMN MMM MMM MM MIIN NN M AN NN TNPUT

C INPUT

C LSELCT(I) ... INPUT

c

c

c

c

c

c

c

c

<

c

C

c

c

c

c

c

c

c

c

IS EQUIVALENT TO INFUT

46
47
48
49
50
51
52

¥-R UV T I NP ]

10
1t
12
13
14
t5
16
17
18
19
20
21
14
23
26
25
26
27

29
30
3

32
33
34
35
36
37
38
39
40
a1

42
43
44
45
46
47
“8
49
50
51

52

53
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c INPUT 54
c LSELCTi1) = & INPUT 55
c LSELCT(2) B ¢ INPUT 56
C LSELCT(3) = 3 INPUT 57
c INPUT 58
< BOTH CORRESPONDING TO NSELCT = 3 WITH THE HINIMUM, INPUT 59
c AND FIRST AND SECOND CRITICAL POINTS HELD INVARIANT.INPUT 60
[ INPUT 61
Condt ITEM NO. & ~ ONE CARD (2A1) MMM MMAI MMM NI NN NN NRENNNHRENNINPUT 62
c IHPUT 63
c VNAH CHARACTER STRING OF LENGTH 2 WHICH SYMBOLIZES INPUT 64
c DEPENDENT VARIABLE, E.G. "CP" FOR PRESSURE INPUT 65
c COEFFICIENT. INPUT 66
[ INPUT 67
Connx ITEM NO. 5 - ONE CARD (10A8) #* *eenn INPUT 68
[ INPUT 69
c PARNAM(K) ... INPUT 70
c ARRAY OF 8-CHARACTER STRINGS WHICH IDENTIFY THE INPUT 70
[ PARAMETERS VARIED. NPARAH ELEMENTS OF THE ARRAY INPUT 72
o4 ARE READ IN. INPUT 73
c IHPUT 74
Cwxun ITEM NO. &6 - OME CARD (8F10.6) xuununINPUT 75
C INPUT 76
c A SCALING PARAMETER (A = -X(1), WHERE X(1) IS FIRST INPUT 77
c DATA POINT ON LOWER SURFACE ... SEE MANUAL). INPUT 70
c INPUT 79
c B SCALING PARAMETER (B = X(N), WHERE X(N) I3 LAST DATAINPUT 80
c POINT ON UPPER SURFACE ... SEE MANUAL). INPUT 81
c INPUT 82
c bl INPUT 83
c INPUT 86
COMMON /HEAD/ TITLE(8),JOBKEY INPUT 83
COMMON /PARAM/ PARNAM(10),LSELCT(6),LUNIT,LPLOT,NSELCTA,B, VNAMI2)INPUT 86

READ (5,900) TITLE INPUT 87
DECODE (9,950, TITLE(1)) JOBKEY INPUT 88

READ (5,1000) NSELCT,LUNIT,LPLOT INPUT 89

READ (5,1000) (LSELCT(I),I=1,NSELCT) INPUT 90

READ (5,1010) VNAM INPUT %1

READ (5,1020) (PARNAMII),I=1,NPARAH) INPUT 92

READ (5,1030) A8 INPUT 93
RETURN INPUT 94

900 FORHAT (8A10) INPUT 95
950 FORMAT (A9) INPUT 96
1000 FORMAT (1615) INPUT 97
1010 FORMAT (2A1) INPUT 98
1020 FORMAT (10A8) INFUT 99
1030 FORMAT (8F10.6) INPUTI00
END INPUT10Y
SUBROUTINE INTERP ‘(N,X,Y,XI,YI) INTERP 2

c - INTERP 3
C.....BIVEN THE SET OF POINTS X(I), Y(I), I=1,N, AND THE SET XI(J), INTERP 4
c J=1,N, USES LINEAR INTERPOLATION TO COMPUTE THE SET YItJ), J=1,N. INTERP B
c INTERP &
DIMENSION X(200),Y(200),X1(200),YI(200) INTERP 7

LEVEL 2, X)Y,XI,YI INTERP &
NM1=N-1 INTERP @
JSTART=% INTERP10

00 70 I=1,N INTERPIY

IF (XI(I) .LE. X{1)) GO TO 10 INTERP12

IF (XItT) .GE. X(N)) GO TO 20 INTERPI3

OO0ONDO0000ONO00

20

3

40
50
60

70

2

o

30

GO TO 30

J=1

60 TO 60

J=N-1

GO TO 60

CONTINUE

DO 50 J=JSTART,NM1

IF (XI(I)} .NE. X(J)) GO TO 40

YI(I)=Y{d)

GD TD 70

IF (XICI) .GT. X{(J) .AND. XI(I) .LT. X(J*1)) GO TO 60
CONTINUE

SLOPE={Y(J#1)-Y{J)IZEX(J*1 )-X(J))
YI(I)=Y(JI+SLOPER(XI(I}-X(J))

JSTART=J

CONTINUE

RETURN

END

SUBROUTINE LOCATE (N,X,Y,YCRIT,IGRAD,LMIN,LHAX,NCRIT,LCRIT,XLOC}

.OPERATES ON THE INPUT ARRAY Y, LOCATING MINIMUM AND MAXIMUM
VALUES, AND ALL CRITICAL POINTS (Y=YCRIT) FOR WHICH DY/DX (IN
PHYSICAL COORDINATES) HAS ALGEBRAIC SIGN GIVEN BY IGRAD. NCRIT

IS NUMBER OF CRITICAL POINTS. POINTS FOUND ARE STORED IN THE ARRAYLQCATE

XLOC AS FOLLOWS

XLOC{1) = HINIMUM PT.
XLOCt2) = MAXIHUM PT.
XLOCt3) = CRITICAL PT. NO. 1
XLOC(6) = CRITICAL PT. RO. &
DIMENSION X(200),Y(200),LCRIT(4),XCRIT(4),XLOC(6)

LEVEL 2, X,Y

COMMON /FLOREY/ IREV

IFLOW=-1

LHIN=1

LHAX=1

ISTART=2

IF (IREV .EQ. 0) GO TO 10

LMIN=2

LHMAX=2

ISTART=3

CONTINUE

NCRIT=0

00 30 I=ISTART,N

IF (IREV .NE. 0 .AND. I .EQ. N} GO TO 20

IF (Y(I) .GT. Y(LMAX)) LHMAX=I

IF §Y(I) .LT. Y(LMIN)) LMIN=I

CONTINUE

IF ((Y{I} .GT. YCRIT .AND. Y(I-1) .GT. YCRIT) .OR.
Z (Y(I) .LT. YCRIT .AND. Y(I-1) .LT. YCRIT)) GO TO 30
IF (I .GT. IREV) IFLOW=1

IF ((Y(I)~Y{I-1))*FLOAT{IFLOK®IGRAD) .LT. 0.0) GO TO 30
NCRIT=NCRIT+t

LCRIT{NCRIT)=I-1

SLOPE=(X{ I)-X{I-1))1/(Y{I)-Y(I-1)}
XCRIT(NCRIT)=X(I-1)+*SLOPE*(YCRIT-Y{I-1))

CONTINUE

XLOC(1)=X(LMIN)

INTERP14
INTERP1S
INTERPI6
INTERP17
INTERP18
INTERP19
INTERP20O
INTERP2!
INTERP22
INTERP23
INTERP24
INTERPCS
INTERPIZ6
INTERP2?7
INTERP2S
INTERP29
INTERP30
INTERPII
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE

LOCATE
LOCATE
LOCATEIO
LOCATEN
LOCATE12
LOCATE!3
LOCATE 14
LOCATENS
LOCATE16
LOCATEN7
LOCATE1S
LOCATE19
LOCATE20
LOCATE21
LOCATE22
LOCATER3
LOCATE24
LOCATE25
LOCATER26
LOCATE27
LOCATE28
LOCATE29
LOCATE30
LOCATE3!
LOCATE32
LOCATE33
LOCATE34
LOCATE3S
LOCATE36
LOCATE3?
LOCATE38
LOCATE39
LOCATE4O
LOCATEG
LOCATE42
LOCATE43
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0000

40

20

30

40

XLOC(2)=X(LMAX)

IF (NCRIT .EQ. 0) RETURN
DO 60 I=1,NCRIT
XLOC(I+2)=XCRIT(I}
RETURN

END

SUBROUTINE HONO (N,L,X,Y)

. .CHECKS POINTS IN VICINITY OF A CRITICAL POINT FOR MONOTONE

BEHAVIOR, AND ADJUSTS VALUES IF NECESSARY TO GIVE A LINEAR
PROFILE.

DIMENSION L(4),X(200),Y(200)
LEVEL 2, X,Y

00 10 I=1,N
LS=LII)
Y1=Y(LS-1)
Y2=Y(LS)
Y3=Y(LS+1 )
Y4zY(LS*2)

IF (Y)Y .LT. Y2)
IF t&Y1 .GT. Y2)
X1=XeLs-11
X2=X(LS)
X3=X(LS*1)
X6=X(15+2)
SLOPE={ Y4-Y1)/(X4-X1)
Y(LS)=Y1+SLOPE*(X2-X1)
Y{LS*1)=Y1+SLOPE*(X3-X1)
CONTINUE

RETURN

END

SUBROUTINE SCALE (N,X,M,A,B)

.AND.
.AND.

(r2 .LT. Y¥3)
(Y2 .GT. Y31}

+AND.
+AND.

(Y3 .LT. Y4)) GO TO 10
(Y3 .GT. Y4)) GO TO 10

..ENTRY WITH M = 1 CONVERTS FROM PHYSICAL X {0 TO -A ON LOWER

SURFACE, 0 TO B ON UPPER SURFACE) TO NORMALIZED X (0 .LT. X .LT.
1) ENTRY WITH M=2 REVERSES THE PROCESS. NZ (DETERMINED WHEN M=1)
CORRESPONDS TO POINT AT NOSE OF BLADE OR AIRFOIL.

COMMON /FLOREV/ NZ
DIMENSION X(200)

LEVEL 2, X

IF (M .EQ. 2) GO TO 30
CONTINUE

NZ=0

D0 10 I=2,N

IF (X(I) .LT. X{(I-1)) NZ=1
CONTINUE

DO 20 I=1,N

IF (I .LE. NZ) T=-X{I)
IF (I .GT. NZ) T=X(I}
X(I)=(T-A)/(B-A)
CONTIMNUE

RETURN

00 40 I=1,N
X{I)=ABS((B-A)%X(I)+A)
CONTINUE

RETURN

EHD

SUBROUTINE SORT (N,X,ISEQ)

LOCATEGS
LOCATESS
LOCATEaS
LOCATE4G?
LOCATE4S
LOCATESY
HoHO 2
HoMO 3
MONO &
HOHNO B
HMONO 6
MOHO 7
MONO 8
HONOQ 9
HoHO 10
MONO 11
HMOND 12
MOHO 13
MOHO 14
HOMNO 15
HONQ 16
MOHO 17
MONO 18
MOHO 19
MONO 20
MOHO 21
HOHO 22
HONO 23
MONO 24
MONOQ 25
MOHO 26
MONQ 27
SCALE 2
SCALE
SCALE ¢
SCALE 5
SCALE &
SCALE 7
SCALE 8
SCALE ¢
SCALE 10
SCALE 11
SCALE §2
SCALE 13
SCALE 14
SCALE 15
SCALE 16
SCALE 17
SCALE 18
SCALE 19
SCALE 20
SCALE 21
SCALE 22
SCALE 23
SCALE 29
SCALE 25
SCALE 26
SCALE 27
SCALE 28
SORT 2

0000000

10
20

30

1

2

co

30

ARRANGES THE SET X(1}, X(2), ... » X(N) IN A MONOTONE INCREASING
SEQUENCE. ISEQ GIVES ORDER OF SUBSCRIPTS IN REARRANGED SEQUENCE.

DIMENSION X(8),1SEQ(8)

NH1=N-1

D0 10 I=1,N

ISEQ(I)=X

ITEST=0

DO 30 I=1,NMt

IF (X(I) .LE. X(I+1)} GO YO 30
XSAVE=X{(I)

X(I)=X(I+1)

XtI+1)=XSAVE

ISAVE=TSER(I)
ISEQ(I)=ISEQII+1)
ISEQ(I+1)=ISAVE
ITEST=1
CONTINUE

IF (ITEST .EQ.
RETURN

END

SUBROUTINE STRAIN (N,K,NSEG,XFIX,XIN,PARM}

1) GO TO 20

COMPUTES STRAINING INCREMENT DELX FROM INPUT ARRAY XIN, USING
PIECEWISE LINEAR STRAINING WITH NSEG LINEAR SEGMENTS. FOR UNIT
STRAINING, IMPUT VALUE OF PARM IS 1.0; FOR GENERAL CASE,

PARM B (Q2(K}-QO(K1)/(Q1-QO(K)).

DIMENSION XFIX(8),XIN(200)

COMMON /COEFF/ C(10,7),D(10,7),DELX(200)
LEVEL 2, C,D,DELX,XIN
JSTART=1

DO 30 I=1,N

DO 10 J=JSTART,NSEG

IF (XINCI) ,GE. XFIX(J)
CONTINUE

DELX( I }=PARM®(C{K,J)*(D(K,Jd}-1.0)*XIN(I)}
JSTART=J

CONTINUE

RETURN

END

SUBROUTINE UPLOW (A,B,XIN,K,N,X0UT,FLAG)

AND. XIN(I) .LE. XFIX(J*1)) GO TO 20

CONVERTS NORMALIZED ARRAY XIN TO PHYSICAL ARRAY XOUT AND FLAGS
POINTS ON LOWER SURFACE WITH A "w',

DIMENSION XIN(K),XOUT(8)
DIMENSION FLAG(8}
DATA BLANK/tH /,
XNOSE=-A/(B-A)

00 10 I=1,N
FLAG({I)=BLANK

IF (XIN{I) .LT. XNOSE) FLAG(I)=STAR
XOUT(I)1=ABS((B-A)*XINCI)*A)
CONTIHUE

RETURN

END

SUBROUTINE TSONIC

STAR/{H#/

SORT 3
SORT &
SORT &
SORT 6
SORT 7
SORT 8
SORT 9
SORT 10
SORY 11
SORT 12
SQRT 13
SORT 14
SORT 15
SORT 16
SORT 17
SORT 18
SORT 19
SORT 20
SORT 21
SORT 22
SORT 23
SORT 2
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN1O
STRAINtI
STRAINI2
STRAIN13
STRAIN1G
STRAIN1S
STRAINt6
STRAIN17
STRAINIB
STRAIN19
STRAINZO
STRAINZY
STRAINZ2
UPLOR
UPLOKR
UPLOH
UPLOW
UPLOW
UPLOH
UPLOW
UPLON
UPLOKW 10
UPLOH 1%
UPLOH 12
UPLOW 13
UPLON 14
UPLOW 15
UPLOW 16
UPLOW 17
TSOHIC 2
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30

INPUT READS AND PRINTS ALL INPUT DATA CARDS AND CALCULATES HORIZONTALINPUU

COMMON HREAD,NWRIT,ITER,IEND.LER(2),NER(2)

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,RTFL,OMEGA,ORF,BETAI,BETAC,
LAMEDA,RVTHO,REDFAC,DENTOL, FSMI, FSMO, SSM1,55M2,MB1,MP0, MM,
NBBI,HBL,NRSP,MOPT, LOPT, LRVB,BLDAT, AAHDK, ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORD(21,STGR(2),RI{2),R0O(2),BETI(2)},BETO(2),
NSPI(2),TITLEI(20),MR(50),RNSP({50),BESPF{50),HOWCR{50),
PLOSS(50),MSP{50,21,THSP(50,2}

COMMON /CALCOM/ ACTWT,ACTOMG,ACTLAM,MBINt,MBIPY,MBOM1,HBOPT, MMM,
HM1,HT,DTLR,OHLR,PITCH,CP,EXPON, THW,CPTIP, TGROG, TBI, TBO, THL,
WIL,HWNI,HWCRI, ITMIN, ITHAX,NIP,IMST,INS2,INS(2),BV(2),MLE(2),
THLE(2),RMI(2),RHO(2),BESP(50),MV(100),RN(100),BE(100),
BEF(100),DBOM(100),DBFON(100),SALI100),PLOSIN(100),ARAL100),
BBB(100),IV(101},ITVL100,2),TV(100,2),DTDHV(100,2),
BETAV(100,2),MH(100,2),DTDOHH{100,2),BETAH(100,2),RMH(100,2),
BEH{100,2),PLOSMH(100,2)

COHMOH ZAUKRHO/ A(2500,4),U({2500),K(2500},RHO{2500}

LEVEL 2, A,U,X,RHO

COHMON /HRBAAK/ H{4),R(4),B(4),KAK{4),KA{4),RZ,BZ,IH(G)

COMMON /VARCOM/ RHOHB(100,2),RHOVB(100,2),HMB(100,2),HTB(100,2),

1 WWCRM(100,2),LABEL(1,100)

COMMON /SLCOM/ USL(100,11),TSL(100,11)

LEVEL 2, USL,TSL

COMHMON /BCDCOM/ INIT(2),EM(50,2),D2TDH2(100,2)
COMHON /PLTCOM/ TSLPT{1100),XDOKN(400),YACROS( 400}
LEVEL 2, TSLPT,XDOWN,YACROS

INTEGER BLODAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEHP, SURF,FIRST,
1 UPPER,S1,ST

REAL K,KAK,LAMBDA, LMAX,MH,HLE,HR,MSL,HSP,HV,MVIMY
DATA ICALL/0/

ICALL=ICALL*1

IEND=-1

ITER = 0

INIT{(1) = ©

INIT(2) = 0O

CALL TINPUT

IF(ICALL.EQ.1) RETURN

IF (BLDAT.GE.2) CALL BLOPLT

CALL PRECAL

ITER = ITERY

CALL COEF

CALL SOR

CALL VELMER

CALL VELTAN

CALL STRLIN

CALL ouTtPuT

IF(NER(2).6T.0) RETURN

V1w -

NN N -

IF(IEND.LE.O0) GO TO 30
IF(REDFAC.LT.t.) CALL TVELCY
RETURN

END

SUBROUTINE TINPUT

SPACING (MV ARRAY)

COMMON NREAD,NWRIT,ITER,IEMD,LER(2),NER(2)

COMMON /INPUTT/ GAM,AR,TIP,PHOIP,HTFL,OHEGA,ORF,BETAI,BETAO,

1 LAHBOA,RVTHO,REDFAC,DENTOL, FSMT, FSHO, SSHM1,SSH2 MBI, HRO, MM,
2  HBBI,HBL,NRSP,MOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRD,
3 INTVL,SURVL,CHORD(2),5TGR{2),RI(2),RO(2),BETI(2),BETO(2),

TSONIC 3
TSONIC 4
TSONIC B
TSOHIC 6
TSONIC 7
TSOHIC 8
TSONIC 9
TSOHIC1D
TSOHIC1Y
TSOHIC12
TSOMIC13
TSCHICt4
TSORICHS
TSONICte
TSONICY?
TSOMICIS
TSONIC19
TSONIC2Q
TSONIC21
TSONIC22
TSONIC23
TSOHIC24
TSONIC25
TSONIC26
TSONIC27
TSONIC28
TSOHIC29
TSONIC30
TSONICHY
TSONIC32
TSONIC33
TSORIC34
TSONIC3S
TSONIC3é
TSOHIC37?
TSONIC3®
TSOHIC3®
TSOHIC40
TSONIC&!
TSOHIC42
TSOHIC43
TSONIC44
TSONIC45
TSOHIC46
TSONIC4?7
TSONIC48
TSONIC49
TSONIC50
TSONIC51
TSOHICS2
INPUU
INPUY

INPUL
INPUU
INPUY
INPUU
INPUY
INPUU 10
INPUU 1%

NN

c

4  NSPI(2),TITLEI(20),MR(50),RHSP{50),BESPF(50),H0NCR(50),
5 PLOSS(50),M5P(50,2),THSP(50,2)

NV S W -

COMITON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIMI,MBIP1,HBOMI ,MBOPY,MMMI ,
HMT,HT,DTLR,DHLR, PITCH,CP, EXPON, TWH,CPT1P, TGROG, TBI, TBO, THL,
WI,HNILWCRI, ITHIN, ITHAX,NIP, IMST,IMS2,IM5(2),BV(2),HLE(2),
THLE(2),RHI12),RMO(2),BESP(50),HV(100),RM(100),RE(100),
BEF{100),08DM(100),DBFON(100),SAL(100),PLOSIMI100),AAAC100),
BBBL100),IV(101),ITV(100,2),TV(100,2},DTDMV(100,21},
BETAV(100,2),MH(100,2),DTDHH(100,2),BETAH(100,2),RHH{100,2),
BEH(100,2),PLOSMH(100,2)

COMMON /AUKRHO/ A(2500,4),U12500),K{2500},RHO(2500)

LEVEL 2, A,U,K,RHO

COMMON /MBIMBO/ MBIZ,MBOZ

COMMON /ZHVHORM/ XMVN(100)

DIMENSION SPLNO(2),CARD(8)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEHP,SURF,FIRST,
UPPER,S1,ST

REAL K,KAK, LAMBOA, LMAX,HMH, HLE MR, HSL . MSP, MV, HVIN?

DATA ICALL/0/, END/1OH$END /

C READ AND FRINT ALL INPUT DATA

c

C -~ MOPT =
MOPT =
MOPT =

C
c

~

o

1

NREAD =

NWRIT = 6

ICALL=ICALLHY

IF (ICALL.GT.1) GO TO 2 -

READ {5,990) CARD

IF (CARD(1).EQ.END) GO TO 2

WRITE(1,990) CARD

GO TO ¢

REWIND 1

WRITEC(NWRIT,1000)

WRITE(NWRIT,1110)

READ (NREAD,1030) GAM,AR,TIP,RHOIP,HTFL,BLANK,OMEGA,ORF

HWRITE(NHRIT,1040) GAM,AR,TIP,RHOIP,HTFL,BLANK,OMEGA,ORF

READ (NREAD,1030) BETAI,BETAO,BLANK,BLANK,FSNI,FSMO

READ (NREAD,1030) REDFAC,DENTOL,SSH1,S5M2

IF (DENTOL.LE.0.) DENTOL = .01

0, NO CORRECTION TO THE BESP ARRAY {REDFAC MUST EQUAL 1.0)

1> READ IN WOWCR ARRAY FOR CALCULATING REDUCED FLOW BESP

2, REDUCED BESP ARRAY CALCULATED BY PROGRAM.

READ (NREAD,1010) MBI,MBO,BLANK,BLANK,MM,NBBI,NBL,NRSP,MOPT, LOPT,
LRVB

MBIZ=MBI

MBOZ=MBO

IF (LRVB.EQ.1) GO TO 6

HRITEU(NWRIT,1120)

MRITE(HWRIT,1040)BETAI,BETAOQ,CHORD(1),STGR(1),FSMI,FSMO

GO TO 8

WRITE(NHRIT,t122)

LAMBDA = BETAI

RVTHO = BETAO

HRITE{NHWRIT,1040) LAMBDA,RVTHO,CHORD(1),STGR(1)

KWRITEINHRIT,1125)

WRITE(NWRIT,1040) REDFAC,DENTOL,SSM1,S5M2

HRITE(NHRIT,1130}

WRITE(NHRIT,1020) MBI,MBO,BLANK,BLANK,MM,NBBI,NBL,NRSP,MOPT,LOPT,
LRVE

DO 10 J=t,2

IF {J.EQ.1) WRITE(NWRIT,1140)

INPUU
INPUY
INFUY
INPUY
INFUU
INFUU
INPUU
INPUY
INPUUY
IHPUU
INFUY
INPUU
INPUU
TNPUU
INPUU
INPUU
INPUU
INPUY
INPUU
INPUY
IHPUY
INPUU
INPUV
IHPUY
INPUU
INPUL
INPUU
INPUY
INPUY
INPUY
INPUU
INPUU
INPUU
INPUU
INPUU
INPUY
INPUU
IHNPUY
INPUY
INPUY
INPUU
INPUY
INPUU
INPUU
INPUU
INPUL
INPUU
INPUY
INPUU
IHPUU
INPUU
INPUU
INPUU
INPUY
INPUU
INPUU
IHPUU
InPUU
INPUU
INPUU

12
13
14
15
16
17
18
19
20
21
22
23
24
25
2%
27
28
29
10
n
12
13
34
35
3%
37
8
39
40
“
42
43
4%
a5
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
6
67
68
69
70
7
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IF (J.EQ.2) WRITE(HWRIT,1150)
HRITE(HHRIT, 11801} J,J,J0.Jd,J
READ (MPEAD,1030) BLAMNK,BLAMK,BLANK,BLAHK,SPLNO(J)
WRITEINWRIT,1040) RICJ),RO(J),BETI(J),BETOLJ},SPLNOIY)
NSPI(J) = SPLHO(J)
NSP = NSPI(J)
WRITE(NWRIT,1190) J
HRITE(NWRIT,1040) (HSP(I,J),I=1,NSP)
WRITE(NWRIT,1200) J
HRITE(NHRIT,1040) (THSP(I,J),I=1,NSP)
WRITE(HWRIT,1210)
READ (NREAD,1030) (HMR(I),I=1,NRSP)
WRITE(HWRIT,1040) (MR(I),I=1,NRSP)
WRITE(HNWRIT,1220)
READ (MREAD,1030) (RMSP(I),I=1,NRSP)
WRITE(NKRIT,1040} (RMSP(1),1=1,NRSP)
HRITE(NWRIT,1230)
READ (NREAD,1030) (BESPF(I),I=1,NRSP)
WRITE(MWRIT,10640) (BESPF(I},I=1,NRSP)
00 20 I=1, NRSP
BESP(I) = BESPF(I)
20 PLOSS(I) = 0.

IF (MOPT.NE.%) GO TO 40

WRITE(NWRIT,1236}

READ (HREAD,1030) (WOWCR(I),I=1,NRSP)

WRITEENWRIT,1040) (WOWCREI),I=1,NRSP)
40 IF (LOPT.EQ.0) GO TO 60

WRITE(NWRIT,1237)

READ (NREAD,1030) (PLOSS(I),I=1,NRSP)

HRITE(NWRIT,1040) (PLOSS(I),I=1,NRSP)
60 WRITE(NWRIT,1240)

READ (NREAD,1010) BLDAT,AANDK,ERSOR,STRFN,SLCRD, INTVL,SURVL

HRITE(NWRIT,1020) BLDAT,AANDK,ERSOR,STRFN,SLCRD,INTVL,SURVL

IFUICALL.EQ.1) RETURN

IF (MM.LE.100.AND.NBBI.LE.50.AND.NRSP.LE.50.AND.NSPI{1).LE.50

1 «AND .NSPI(2).LE.50) GO TO 70

WRITE(NWRIT,1250)

STOP
70 IF (REDFAC.EQ.1..OR.MOPT.NE.O) GO TO 75

HRITE(MNWRIT,1260)

STOP

o

CALCULATE MV ARRAY

75 HH1 = CHORD(1)/FLOAT(MBO-MBI)
DO 80 IM=1,MM

HV{IM) = FLOAT(IM-MBI)®*KM{
XMVHOIM =MV IM)/CHORO( 1)

IF (SSHM1.EQ.SSH2) GO TO 80

IF (HVIIM).LT.SSM1) IMS1 = IM#{
IF (HV(IM).LE.SSHM2) IMS2 = IM
CONTINUE

HV(MBO) = CHORD(1}
XMVN(HBO)=1.0

8

o

CALCULATE MISCELLAHEOUS CONSTANTS

NER(1)

]
NER(2) 0

INPUU
IHPUY
INPUY
InpUy
INPUY
INPUU
Py
INPUU
INPUY
IHPUY
INPUUY
INPUU
INPUY
INPUY
INPUY
INPUU
INPUU
INPUU
INPUY
INPUU
INPUU
INPUU
INPUU
INPUU
IHPUY
INPUUY
INPUY
INPUU

7
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
a8
89
90
91
92
93
9%
95
96
97
98
99

INPUUY00
INPUU1ODY
INPUU1IO2
INPUU1O3
INPUU1 0%
INPUUIOS
INPUU1IOG
INPUU1OT
IHPUU1 08
INPUU109
INPUULYO
INPUUI Y
INPUUIIR
IHPUUI13
INPUUL 14
INPUU11S
INPUUTI1S
INPUUI1T
INPUUTIS
INPUUI19
INPUUt20
INPUUI2Y
INPUUI22
INPUU123
INPUU1 24
INPUUI2S
INPUUI 26
INPUVI27
IHPUU128
INPUU129
INPUUY 30

HER(1) = ©

HER(2) = 0

PITCH = 2.%3.1415927/FLOAT(NBL)
HT = PITCH/FLOAT{HBBI)
OTLR = HT/1000.

OMLR = HM1/1000.

Bv(1) B 0.

BV(2) = 1,

MBIM) = HMBI-{

MBIP1 = MBI*1

MBOM1 = MBO-~1

MBOP1 = MBO#

MMM = MM-1

CP = AR/(GAM-1. )%GAN

EXPON B 1./(GAM-1.}

THW = 2.%0MEGA/WTFL

CPTIP = 2.#CP*TIP

TGROG = 2.%GAMAR/IGAM*1.)

CALL SPLINT(MR,RMSP,HRSP,MV,MH,RH,SAL,AAA)

CALL SPLINT(MR,BESPF,NRSP,MV,tHM,BEF,DBFDM,AAA}
CALL SPLINT(MR,BESP,MRSP,HMV,MH,BE,DBDM,AAA)
CALL SPLINT(MR,PLDSS,NRSP,MV,HM,PLOSIN,BBB,AAA)

C
€ CALCULATE GEOMETRICAL CONSTANTS
c

ann

90

9

o000

CHORD(2) = CHORD(1)

STGR(2) = STGR{1)

MLE(1) B 0,

MLE(2) = 0.

THLE(1) = 0.

THLE(2) = PITCH

RMI(1) = RM(MBI)

RMI(2) = RM(MBI)

RMO(1) B RM(MBO)
RM(MBO)

RMO(2) =

INITIALIZE U AND K ARRAYS AND SURFACE DENSITY ARRAYS

DO 90 I=t,2500

utrI) = 1.
K(I) = 0.
RHO(I) = RHOIP

INITIALIZE A ARRAY

00 91 KDUM = 1,4
DO 91 I = 1,2500
ACI,KDUM) = 0.
NREAD=5

RETURN

FORMAT STATEMENTS

990 FORMAT (8A10)
1000 FORMAT(1H1,35X,

* StH--- INPUT FOR TSONIC BLADE-TO-BLADE FLOW SOLVER =--//)

1010 FORMAT (161I5)

1020 FORMAT (1X,1617)
1030 FORMAT (8F10.5)
1040 FORMAT (1X,8G16.7)

INPUUL29
IHFUU130
INFUULSY
THPUUI 32
IHPUU133
INPUU1 34
INPUU13S
INFUUL 36
IHFUUL 3?7
IHPUU1 38
IHPUUY 39
INPUUL4GOD
IHPUUI G
INPUU1G2
INPUU143
IHPUUISG
INPUU1GS
INPUL1 46
INPUU147
INPUULGB
INPUU1I49
INPUU150
INPUU15Y
IHNRUU152
INPUU153
INPUU154
INPUULSS
INPUUIS6 ,
INPUUIS?7
INPUU1SS
INPUUT59
INPUU16D
INPUUYGY
INPUUt62
INPUU163
INPUUTGG
INPUUI65
INPUUIGS
INPUU1GT
INPUU168
INPUUL69
INPUUIT0
INFUUY 7Y
INPUUL72
INPUUYZ73
IHFUU1 74
INPUU1 TS
INPUUL 76
INPUL177
INPUULT8
INPUUI 79
INPUUYIGO
INPUUIBY
INPUU1B2
INPUU1B3
INPUU1BG
THPUU18S
INPUU186
INPUU187
INFUU1 BB
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1100 FORMAT (20A4) IHpPUYIEY NEGBE = 0 PRECAL3S

1105 FORMAT (1X,2044) THPUU190 IERRCR B 0 FRECAL36
1110 FORMAT (7X,3HGAM, 16X, 2HAR, 13X, SHTIP, 12X, SHRHOIP, 12X, 4HHTFL, 11X, 6H IHPUU1GY € FRECAL3?
1 110X, 5HOMEGA , 12X, 3HORF ) 1HPUU192 € CALCULATE ITv, IV, TV, AND DTDHMV ARRAYS PRECAL3S
1120 FORMAT (6X,SHBETAI,11X,5HBETAD, 11X,6HCHORDF ,11X,5HSTGRF , 12X, 4HFSHIINPUUI93 € PRECAL39
1 12X,4HFSHO) INPUU1 94 ITHIN = 0 PRECAL4O
1122 FORMAT {6X,6HLAMBDA,10X,5HRVTHO, 11X, 6HCHORDF , 10X, SHSTGRF 1HPUU1 95 ITHAX = HBBI-A PRECALGY
1125 FORMAT {6X,6HREDFAC, 10X,6HDENTOL, 1 1X,4HSSM1, 12X, 4HSSH2 ) INPUUL9S € ITV UPSTREAM OF BLADE PRECALG2
1130 FORMATU1HO,3X,3HHBI,4X,3HMBO, 19X, 2HHM, 3X, 4HNBBI, 4X, IHPUU1 97 FIRST = 0 PRECALG3
» IHMBL, 3X,4HHRSP, 3X, 4HHOPT , 3X,GHLOPT, 3X, 4HLRVB) IHNFUUS 98 LAST = NBBI-1 PRECALGG
1140 FORMAT{39HO BLADE SURFACE 1 -- UPPER SURFACE) INPUU199 DO 10 IH=1,MBIM PRECAL4S
1150 FORMAT{39HO BLADE SURFACE 2 -- LOMWER SURFACE) IHPUU200 ITVEIM, 1) = FIRST PRECAL4S
1180 FORMAT (7X,2HRI,I1,12X,2HRO,11,12X,4HBETL,I1,11X,4HBETO,11,11X,5H5INPUUZOY 10 ITV(IN,2) = LAST PRECALGT
1PLNO, I1) THpuUz02 € ITV, TV, AHD DTOMV ON BLADE PRECAL4S
1190 FORMAT (7X,3HMSP,I1,2X,5HARRAY) THPUUR203 DO 20 IM=MBI,NMSO PRECAL4Y
1200 FORMAT (7X,4HTHSP,I1,2X,5HARRAY) INPUU204 LERL2) =1 PRECALSO
1210 FORMATU16HO MR ARRAY) INPUY205 € BLCD CALL HO. 1 PRECALS1
1220 FORMAT (7X,11HRMSP ARRAY) INMPUU2OG CALL BLI(MVIIM),TVIIH,1},0TDMVIIM, 1), INF) PRECAL52
1230 FORMAT (7X,1tHBESP ARRAY) INPUUZO? ITVOIM, 1) = INTC{TV(IM, 1)4DTLRIZHT) PRECALS3
1235 FORMAT {7X,11HBESPF ARRAY) IHPUUZOS IF {TV(IM,1).GT.-DTLR) ITV(IH,1)=ITV(IM,1)41 PRECAL5G
1236 FORMAT (7X,11HWONCR ARRAY} IHFUU209 ITHIN = MINO(ITHIN,ITVIIM,1)) PRECALSS
1237 FORMAT (7X,11HPLOSS ARRAY) 1HPUU210 LER(2) = 2 PRECALS6
1240 FORMAT(S2HD BLOAT AANDK ERSOR STRFN SLCRD INTVL SURVL)  Inpuu21l € BLCD CALL HO. 2 PRECALS7
1250 FORMAT (41H1 MM,NBBI,NRSP,0R SOME SPLMO IS TOO LARGE) INPUU212 CALL BL2(MVIIMI,TV(IM,2),DTOMV{IM,2),INF]) PRECALSS
1260 FORMAT (56H1 WHEN REDFAC 1S LESS THAN 1.0, MOPT HUST EQUAL ! OR INPUUZ213 ITV(IM,2) = INTUOTVOIN,2)-0TLRI/ZHT) PRECAL59
121 INPUU2 4 IF (TV{IM,2).LT.OTLR) ITVIIM,2)=ITV(IN,2)-1 PRECAL6O

END INPUU21S 20 ITHMAX = MAXO(ITHMAX,ITV(IN,2)) PRECAL6Y
SUBRQUTINE PRECAL PRECAL 2 € ITV DOWNSTREAM OF BLADE PRECAL62

c PRECAL 3 LAST = ITV(HBD,2) PRECAL63
C PRECAL CALCULATES ALL REQUIRED FIXED CONSTANTS PRECAL 4 FIRST = LAST+1-NBBI PRECAL6G
[ PRECAL § DO 40 IM=HMBOP!,MM PRECALSS
COMMON NREAD,MWRIT,ITER,IEND,LER(2),NER(2) FRECAL 6 ITVEIM, 14 = FIRST PRECAL6S
COMMON /INPUTT/ GAM,AR,TIP,RHOIP,WTFL,0MEGA,ORF,BETAI,BETAD, PRECAL 7 40 ITV(IM,2) = LAST PRECAL67

1 LAMBDA,RVTHO,REDFAC,DENTOL,FSHI,FSHO,SSM1,SSH2, MBI, MBO, MM, PRECAL 8 ITHIN = MINOCITHIN,ITVIMM,1)) PRECAL6S

2 NBBI,NBL,NRSP,MOPT,LOPT,LRVB,BLDATAANDK,ERSOR,STRFN,SLCRD, PRECAL 9 C IV ARRAT PRECAL6Y

3 INTVL,SURVL,CHORD(2),STGR(2),RI(2),RO(2),BETI(2),BETO(2), PRECAL10 e =1 PRECAL70

4  NSPI(2),TITLELt20),MR(50),RMSP(50),BESPF(50),HONCR(50), PRECAL1Y DO 50 IM=1,MM PRECAL7!

5 PLOSS(50),HSP(50,2),THSP(50,2) PRECAL12 50 IV(IM*1) = IV(IMI*ITV(IMN,2)-ITVIIM,1)¢1 PRECAL72
COMMON /CALCOM/ ACTHT,ACTOMG,ACTLAM,HMBIM1,MBIP1,HBOMI ,MBOP1,HMH1, PRECALI3 € PRECAL73

t  HM1,HT,DTLR,DMLR,PITCH,CP,EXPON, THW,CPTIP, TGROG, TBI,TBO, THL,  PRECALt4  C CALCULATE BETAV AND CURV ARRAYS PRECAL74

2 WI,HMI,NCRI,ITHMIN,ITHAX,NIP,INS1,IMS2,IMS(2},BV(2),HLE(2), PRECALIS C PRECAL7S

3 THLE(2),RMI(2),RNO(2),BESP(50),MV{100),RH(100),BE(100), PRECAL16 DO 60 SURF=1,2 PRECAL76

4 BEF(100),0BDM(100),DBFDM(100),SAL{100),PLOSIMI100),AAA(100),  PRECALI? DO 60 IM=MBI,MBO PRECAL?7

5 BBB(100),IV(10%),ITV(100,2),TV(100,2),DTDOMV(100,2), PRECAL1S CURV(IM,SURF) = (RHM(IM)%D2TOM2{IH,SURF)+SAL(IH)I%DTDHV(IM,SURF)) / PRECAL78

6 BETAV(100,2),HH(100,2),DTOMH(100,2),BETAH(100,2),RMH(100,2),  PRECAL19 1 (1. *(RMUINIDTDHVIIM,SURF ) )*%2)%%1.5 PRECAL79

7 BEH(100,2),PLOSMH({100,2) PRECAL20 60 BETAV(IM,SURF) = ATAN(DTDMV(IM,SURF)®RM(IM})I®DEGRAD PRECALS0
COMMON /AUKRHO/ A{2500,4),U(25001,K12500),RHO(2500) PRECAL21 NIP = IV(MM)+HEBI-1 PRECALSY
LEVEL 2, A,U,K,RHO PRECAL22 IFINIP.GT.2500) WRITE(NWRIT,1150) PRECALS2
COMMON /VARCOM/ RHOHB(100,2),RHOVB(100,2),NMB(100,2),KTB(100,2?, PRECAL2} C PRECALS3

1 WHCRM{100,2),LABEL(1,100) PRECAL24 ©C CALCULATE HH AND DTDMH ARRAYS PRECAL8G
COMMON /BCDCOM/ INIT(23,EH(50,2),D2TDM2(100,2) PRECAL2S C PRECALBS
COMMON /TBBC/ TBIBC,TBOBC PRECAL26 ITO = ITVI1,1) PRECALBS
COMHON/WIND/ HISV,WOSY PRECAL27 MRTS B 1 PRECALS?
DIMENSION CURV(100,2),2ZMR(100),BEZMRE100),HIMOP{4 ), HHER(4), PRECAL2S IHS(1) =1 PRECAL88

1 BETAIM(4),IMOP(4) PRECAL29 HHO1,1) = 0. PRECAL89
INTEGER BLDAT,AANDX,ERSOR,STRFN,SLCRD,SURVL,AATEHP, SURF,FIRST, PRECAL30 DTOMH(1,1) = 1.E10 ) PRECAL90

1 UPPER,S1,ST PRECAL31 LER(2) = 3 PRECAL9Y
REAL K,KAK,LAMBOA, LMAX,MH,HMLE MR ,MSL,MSP, MV, MVIMI PRECAL3Z C BLCD AND POOT (VIA MHORIZ) CALL NO. 3 FRECAL92
EXTERMAL BL1,BL2 PRECAL33 CALL MHORIZ{MV,ITV(1,1),BL1,MBI,HBO,ITO,HT,DTLR,0,IMS(1),MH(1,1), PRECAL93
DEGRAD = 180./3.1415927 PRECAL34 t  DTDMHU1,11,MRTS) PRECAL94
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IF (ITV(HMBO,1)-ITV(MBO,2)+NBBI.NE.2) GO TO 70 PRECAL9S C PRECA1SS

IMSL = INS(1)+t PRECALSS RHOVD = WTFL/BEFSHMO/PITCHR/COSIBETAD)/RMFSHO PRECA156
MHUIMSL.1} = MV(HBO) PRECALS7 THLMR = 2. #OHEGA®LAMEDA-(OMEGA#RMFSMO)#%2 PRECA157
DTDMH(IMSL,1) = -1 .E10 PRECALS?8 TTIP = 1.-TKLHR/CPTIP PRECA158
IMS(1) = IMSL PRECALS9 RHOIPL = RHOIP#(t.-PLFSHO) PRECA159

70 IMS(2) = 0 PRECA100 RHOMB2 = RHOIPL®*TTIP*#*EXPON PPECAt60
MRTS = 1 PRECA1O1 LERI1) = 1 PRECA16Y
LERE2) = 4 PRECAYIO2 c DEHNSTY CALL NO. 1 PRECA162

[ BLCD AND ROOT tVIA MHOR1Z) CALL ND. & PRECA103 NERT = HERIY) PRICAYSD
CALL MHORIZ{MV,ITV(1,2},BL2,M8I,MBO,ITO,HT,DTLR,1,INS(2),MH(1,2), PRECA104 JZ =1 PRECA16G

1 DTDMH(1,2),HMRTS) PRECA105 IF (FSMO.GE.SSM1.AND.FSMD.LE.SSM2) JZ=2 PRECA165
IMSMAX = MAXO(IMS({),IM5(2)) PRECA106 CALL DENSTY{RHOVO,RHOMB2,H0D, THLMR,CPTIP,EXPON,RHOIPL,GAM,AR,TIP, PPECA166

IF (IMSMAX.GT.100) WRITE(NWRIT,1100) IMSMAX PRECA107 1 JZ) * PRECA167

c PRECA108 IF (HERT.NE.NER(1)) WRITE(NWRIT,1022) PRECA168
C CALCULATE RMH ARRAY PRECA109 RVTHO = RMFSMO#{ WOXSIN{BETAQ)+OMEGA*RMFSMO) PRECA169
€ PRECASO WHO = WOXCOS(BETAO) PRECAYTO
DO 80 SURF=1,2 PRECAT 1 WCRO = SQRT(TGROGHTIP*(1.-THLMR/CPTIP)) PRECAY 71

CALL SPLINT{MR,RMSP,NRSP,MH(1,SURF),IMS(SURF),RMH(1,SURF),AAA,BBBIPRECAII2 130 TWL = 2.¥OMEGA%LAMBDA PRECAt72

80 CALL SPLINT(MR,PLOSS,NRSP,MH(},SURF),INS{SURF),PLOSHMH(1,SURF), PRECA113 € PRECA173

1 AAA,BBB) PRECAt14 C [INITIALIZE DENSITY WHERE HORIZONTAL MESH LINES INTERSECT BLADE PRECA1 74

[ PRECA115 C AND CALCULATE BETAH ARRAY PRECA175
C CALCULATE LAMBDA WHEN BETAI IS GIVEN AS INPUT PRECAI16 C PRECA176
[ PRECAVLT7 00 150 SURF=1,2 PRECAYT?
IF (LRVB.EQ.1) GO TO 130 PRECA118 IMSS = IMS{SURF) PRECAY 78
BETAI = BETAI/DEGRAD PRECAY19 IF (IMSS.LT.1) GO TO 150 PRECA179
BETAQ = BETAO/DEGRAD PRECA20 D0 140 INS=1,IMSS PRECA180

IF (FSHMI.NE.FSMO) GO TO 90 PRECA121 RHOHB( IHS,SURF) = RHOIP®(1.-PLOSHMH{IHS,SURF })#(1.-(2. #OHEGA™ PRECA181

FSMI = 0. PRECA122 1 LAMBDA-(OMEGA®RMH{ IHS, SURF ) )#%2)/CPTIP)##EXPON PRECA182

FSHMO B CHORD(1) PRECA123 140 BETAH{IHS,SURF) = ATAN(DTDMH(IHS,SURF )*RMH(IHS,5URF ) )*DEGRAD PRECA183

90 CALL SPLINT{HR.RMSP,NRSP,FSHI,1,RMFSMI,BLANK,AAA) PRECAt24 150 CONTINUE PRECA184
CALL SPLINT(MR,RMSP,NRSP,FSMO,1,RMFSMO,BLANK,AAA) PRECAI2F C PRECA185

CALL SPLINT{MR,BESPF,NRSP,FSHI,1,BEFSHI,BLANK,AAA} PRECA126 C INITIALIZE DEMSITY WHERE VERTICAL MESH LINES INTERSECT BLADE PRECA186

CALL SPLINTIMR,BESPF,NRSP,FSHO,1,BEFSHO,BLANK,AAA} PRECA127 © AND AT INTERIOR POINTS PRECA187

CALL SPLINT(MR,PLOSS.,MRSP,FSMI,1,PLFSHMI,BLANK,AAA) PRECAI28 C PRECA188

CALL SPLINT(MR,PLOSS,NRSP,FSHO,1,PLFSHMO,BLANK,AAA) PRECA129 DO 170 IM=t,MN PRECA18%
RHOVI = WTFL/BEFSMI/PITCH/COS(BETAI)/RMFSHI PRECA130 TTIP = 1.-(THL-(OMEGA*RM({IM) )#%2)/CPTIP PRECA190

WL = 0. PRECA13Y RHOT = RHOIP¥(1.-PLOSIM(IM))®TTIP*®EXPON PRECA1®Y
DELWMX = SQRT(TGROGXTIP)}/10. PRECA132 DO 160 SURF=1,2 PRECAt92

100 TTIP = 1.-(WIN%242 »OMEGA®RMFSMI®WI*SIN(BETAI)*(OMEGA#RMFSMI) PRECA133 160 RHOVB(IM,SURF) = RHOT PRECA193

§ #%2)/CPTIP PRECA134 IPU = IV(IM) PRECA19¢

IF (TTIP.LE.0.) GO TO 110 PRECA135 IPL = IVIIH#1)-t PRECA195

TEMP = TTIP®#{EXPON-1.) PRECA136 D0 170 IP=IPU,IPL PRECA196
RHOIPL = RHOIP#(1.-PLFSHI) PRECA137 170 RHO(IP) = RHOT PRECA197

RHOT = RHOIPL®TEMP®TTIP PRECA138 C PRECA198
FPRIME = RHOT-RHOIPL/GAMMWI/ARM(WI+*OMEGAXRMFSMIXSIN(BETAI})/TIP  PRECA139 €  CALCULATE VELOCITY DIAGRAM INFORMATION, AND PRECA199

1 #TEMP PRECA140 C  TAN BETA (TBI AHD TBO) AT UPSTREAM AND DOWNSTREAM BOUNDARIES PRECA200

IF (FPRIME.LE.0.) GO TO 110 PRECA141 c PRECA201
WINEH = WI+(RHOVI-RHOT¥WI)/FPRIME PRECA1642 IMOP(1) & 1 PRECA202

IF (WINEW-WI.GT.DELWMX) WINEW = WI+DELWMX PRECA143 IMOP(2) B MBI PRECA203

IF (ABS({WINEW-WI)/WINEW).LT..000005) GO TO 120 PRECAtG4 IMOP(3) = MBO PRECA20%

HI = WINEW PRECA145 IMOP(G)} = MM PRECA20S

GO TO 100 PRECAt46 WHIRL = LAMBDA PRECA206

110 HRITE(NWRIT,1020) PRECA147 DELTHL = 0. PRECA207
IERROR = 1 PRECAt48 DO 220 I=1,4 FRECA208

120 LAMBDA = RMFSMI®(WI#SIN(BETAI)*OMEGA*RMFSMI) PRECA149 IM = IHOP(I) PRECAZ09
WHI = WI*COS(BETAD) PRECA150 YTHIN = WHIRL/RMCIM) PRECA210

AA = {2.%OMEGA®LAMBDA-{OMEGA¥RMFSMI }*»2}/CPTIP PRECA151 VTRIM2 = VTHItI*%2 PRECA211

WCRI B SGRT(TGROGH*TIP*{(1.-AA)) PRECAt152 WTHIM = VTHIM-OMEGA®RM(IM) PRECA212

c PRECA153 WTHTHL = VTHIMZ*DELTML PPECA213}
€ CALCULATE RVTHD WHEN BETAO IS GIVEN AS INPUT PRECA154 RHOWIM = WTFL/RHUIN)/PITCH/BEF(IM) PRECA214
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RROIN = RHOVB(IM,1)
RHOIPL = RHOIP®{!.-PLOSIM(IM))
LER(1) = 2
c DENSTY CALL NO. 2
NERT B NER(1)}
JZ =1
CALL DEHSTY(RHOWIM,RHOIM,WHIM,HTHTWL,CPTIP,EXPON,RHOIPL,GAM,AR,
1 TIP,JZ)
IF (NERT.NE.NER(1)) WRITE(NWRIT,1024) MV(IH),IM
TBETA = WTHIN/WHIM
BETAIM(I) B ATAN(TBETA)*DEGRAD
AA = (THL-(OMEGA®RH(IM))%»2)/CPTIP
WCRIM = SQRT(TGROGHTIPX®(t.-AA))
WIHOP(I) = SGRTUHMIM##2+WTHIM%%2)
WHCR(I) = WIMOP(I)/HCRIM
IF (1.€Q.2) DELTHL B 2.%DMEGA*{ LAMBDA-RVTHO)
IF (I.EQ.2) WHIRL = RVTHO
220 IF (I.EQ.1) TBI = TBETA
TBO = TBETA
BTAIN = ATAN(TBI)*DEGRAD
BTAOUT = ATAN{TBO)*DEGRAD
IF (LRVB.NE.1) GO TO 225
FSMI = MV(1)
FSHO = MVIMM)
RMFSHI = RM(1)
RMFSHO = RM(MM)
NI = WIMOP(1}
HMI = HI/SGRT(1,+TBINx2)
HCRI B WI/ZWWCR{1)
HO B HIMOPL4)
WMO = WO/SGQRT(1.+TBOw»2)
WCRO = HWO/WWCR(%)
225 CONTINUE

CALAULATE TAN BETA (TBIBC AND TBOBC) AT ONE-HALF HMESH SPACE INSIDE
UPSTREAH AND DOWNSTREAM BOUNDARIES

o000

RMIM = (RH{T)*RM(2)}/2.
VTHIM B LAMBDA/RMIN
WTHTHL = VTHIM#®2
WTHIM = VTHIM-OMEGA*RMIM
RHOWIM = WTFL/RMIM/PITCH/(BEF(1)+BEF(2))%2.
RHOIH = RHOVB(1,1)
RHOIPL = RROIP*(1.-{PLOSIM(Y)+PLOSIM(2))/2.)
LER(1) B 2
C--DENSTY CALL KHD. 2-A
NERT = NER(1)
JZ =
CALL DENSTY{RHOWIM,RHDIM,WMIM,NTHTRL,CPTIP,EXPON,RHOIPL,GAM,AR,
1 TIR,JZ)
IFINERT.NE.NER(1)) WRITE(NWRIT,1026)
TBIBC = WTHIM/WMIN
RMIM = (RMIMH)+RH{MM-1)1/2.
VTHIM = RVTHO/RHIM
RTHTHL B VTHIM#%2+2 %OMEGA*( LAMBOA-RVTHO)
WTHIM 8 VYTHIM-DHEGA®*RMIMN
RHOWIM = WTFL/RMIN/PITCH/(BEF{MM)+BEF(MM-1)}w2.
RHOIN = RHOVB{MM,1)
RHOIPL = RHOIP#(1.~{PLOSIM(MH)*PLOSIN(MN-1))/2.)
LER(1) = 2

PRECA2S
PRECA216
PRECA217
PRECA218
PRECAZ219
PRECA220
PRECA22}
PRECA222
PRECA22)
PRECA224
PRECA22S
PRECA226
PRECA227
PRECA228
PRECA229
PRECA230
PRECA23t
PRECA232
PRECA233
PRECA234
PRECA235
PRECA236
PRECA237
PRECA238
PRECA239
PRECA240
PRECA24Y
PRECA242
PRECA243
PRECA244
PRECA245
PRECA246
PRECA247
PRECA248
PRECA249
PRECA250
PRECA25%
PRECA252
PRECA253
FRECA254
PRECA258
PRECA256
PRECA2537
PRECAZ58
PRECA259
PRECA240
PRECACS!
PRECA262
PRECA263
PRECA264
PRECA268
PRECA266
PRECA267
PRECA268
PRECA269
PRECA270
PRECAR71
PRECA272
PRECA273
PRECA274

[
c
c

c
[

c
c

c

c

C--DENSTY CBLL NO. 2-B PRECA275
NERT B NER(1) PRECA276

JZ =1 PRECA277
CALL DENSTY(RHOWIM,RHOIM,HMIM,HTHTHL,CPTIP,EXPON,RHOIPL,GAM,AR, PRECA278

1 TIP,JZ) PRECA279
IF{NERT.NE.NER{1)) WRITE(NWRIT,1026) PRECA280
TBOBC = WTHIM/WMIN PRECA281
PRECA282

CALCULATE REDUCED BESP WHEN REDFAC IS LESS THAN 1.0 PRECA283
PRECA28%

IF {REDFAC.EQ.1.) GO TO 300 PRECA28S
PRECA286

CALCULATE REDUCED BESP WHEN W/WCR IS GIVEN AS INPUT PRECA287
PRECA288

IF (HOPT.NE.1) GO TO 240 PRECA289

DO 230 I=1, NRSP PRECA290
ZMR(I) = MR(I) PRECAZ9Y

AA = (2.#OMEGANLAMBDA-(OMEGAMRMSP(I))%%2)/ CPTIP PRECA292
TPPRAT = (1.-AA)/€1.-REDFACH*2%AA) PRECA293

AA = (GAM-1.)/(GAM*] . )=HOMCR I )%n2 PRECA29¢

AA B (TPPRAT*(1.-AA)/(1.-REDFACH®2¥TPPRAT#AA) )%*EXPON PRECA295

IF {BESPF(I).LE.0.) NEGBE = 1 PRECA296
230 BEZMR{I} = BESPF(I)®AA PRECA297
NZMR = NRSP PRECA298

IF (NEGBE.EQ.3) WRITE(NWRIT,1160) PRECA299

GO TO 290 PRECA300
PRECA301

CALCULATE REDUCED BESP WHEN W/WCR IS NOT GIVEN AS INPUT PRECA302
PRECA303

CALCULATE SOLIDITY AND FAIRING DISTANCE FROM L.E. AND T.E. PRECA304
240 BLDCRD = SQRT({(RM(MBI)*RM(MBO)}/2.%#STGR(1))nx2+CHORD( 1 )#n2) PRECA305
SOLDTY = BLOCROD/PITCH/RM(MBI) PRECA306
DISTLE = AMINIC.5,AMAX1($./6.,(11.-4.#SOLDTY)/18.))*CHORD(Y) PRECA307
SOLDTY = BLDCRD/PITCH/RMINMBO) PRECA308
DISTTE = AMINT(.5,AMAX1(1./6.,{11.-4.%50LDTY)/18.))*CHORD(1) PRECA3I09
CALCULATE REDUCED BESP UPSTREAM PRECA310
RHOIM = RHOVB(1,1) PRECA3IN

00 250 IM=f,HBIMI PRECA3T2
ZMROIM) = MVIIM) PRECA33
VTH2IM = (LAMBDA/RM{IM))xx2 PRECA314
RHOWM = WTFL/RM(IM}/PITCH/BEF(IN) PRECA315
RHOIPL = RHOIP®().-PLOSIM(IM)) PRECA316
LER(1) = 3 PRECA317
DENSTY CALL NO. 3 PRECA318
NERT = NERt1) PRECA3I®

Jz a1 PRECA320
CALL DENSTY{RHOWM,RHQIM,WNMIM,VTH2IM,CPTIP,EXPON,RHOIPL,GAM,AR,TIP,PRECAZ2!

1 JZ) PRECA322
IF (NERT.NE.NER{1)) WRITE(NWRIT,1024) MV(IM),IH PRECA323
ENTHF = CPTIP-WHIM#*2-VTH2IM PRECA326
ENTHRE B CPTIP-{WMIM*#2+VTH2IN)»REDFACH®2 PRECA325
250 BEZMR(IM) = BEF(IM)*{ENTHF /ENTHRE)**EXPON PRECA324
CALCULATE REDUCED BESP IN BLADE PRECA327
IMLP = MBIM1 PRECA328
IM1 = MBI+INT(DISTLE/HMY)+4 PRECA329
IML = MBI+INT{(CHORD{1)-DISTTE}/HM1} PRECA330

IF (IM1.G6T.IML) GO TO 270 PRECA331

DO 260 IM=IM1,IML PRECA332
IMLP = INMLP#t PRECA333
ZHRUIMLP) = MVIIM) PRECA334
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BETIM = (BETAV(IM,1)+BETAV(IM,2))/2./DEGRAD PRECA313
RHOWIM = WTFL/BEF(IM)/RHIIM)/(TV(IMN,2)-TV(IM,1))/COSIBETIM} PRECA336
RHOIPL = RHQIP#(1{.-PLOSIM(IM)) PRECA337
THLMR = TWL-(OMEGA®RNUIN) )#x2 PRECA338
LER(1) = & PRECA339
DENSTY CALL ND. 4 PRECAIGO
NERT = NER(1) PRECA341

Jz = 1 PRECA342
IF {IN.GE.IMSI.AND.IM.LE.INS2) JZ=2 PRECA343

CALL DENSTY(RHORIM,RHOIM,WIM,TWLMR,CPTIP,EXPON,RHOIPL,GAM,AR,TIP, PRECA344
1 JZ) PRECA345

IF (NERT.NE.NER(1)) HRITE(NWRIT,1024) MV(IM),IM PRECA346

ENTHF = CPTIP-WIM##2-TWLMR PRECA34?
ENTHRE = CPTIP-(WIM®##2+TWLMR }*REDFACHR2 PRECA348

260 BEZHRUIMLP) = BEF{IMI®#(ENTHF/ENTHRE )%*EXPON PRECA349
270 CONTINUE PRECA350

€ CALCULATE REDUCED BESP DOWNSTREAM PRECA3S5!
00 280 IM=MBOPI,MH PRECA352

IMLP B IMLP+Y PRECA3SY
ZHR(IMLP)Y = MV(IM) PRECA354
WTHTKL = (RVTHO/RM(IM))#w242 %OMEGA%( LAMBDA-RVTHO) PRECA3SS
RHOWM = WTFL//RMUIN)/PITCH/BEF(IM) PRECA356
RHOIPL = RHOIP#(1.-PLOSIM(IM)) PRECA357
LER(1) = 5 PRECA35S

c DENSTY CALL NO. & PRECA359
NERT = NER(1) PRECA360

Jz =1 PRECA36Y

CALL DENSTY(RHOWM,RHOIM,WMIM,NTHTHL,CPTIP,EXPON,RHOIPL,GAM,AR,TIP,PRECA36E

t JZ) PRECA363

IF {NERT.NE.NER11)) WRITE(NWRIT,1024) MV(IM),IN PRECA364

ENTHF = CPTIP-WMIM##2-WTHTWL PRECA3SS
ENTHRE = CPTIP-(WMIM##2+NTHTHL)*REDFACK*2 PRECA36S

280 BEZMR(IMLP) = BEF(IMN)*{ENTHF/ENTHRE )*#EXPON PRECA367
NZMR = IMLP PRECA368

290 CALL SPLINT(ZMR,BEZMR,NZMR,MV,HM,BE,DBDM,AAA) PRECA369

c PRECA370
C CALCULATE BEH ARRAY PRECA374
c PRECA372
300 DO 320 SURF=1,2 PRECA373

Qa0 n

iF (REDFAC.NE.1.) CALL SPLINT(ZMR,BEZMR,NZMR,MH(4,SURF),IMS(SURF },PRECA3TS
1 BEH(1,SURF},AAA,BBB) PRECA375
IF (REDFAC.EQ.t.) CALL SPLINT(MR,BESP,NRSP,MH(t,SURF),IMS{SURF), PRECA376

1 BEH( 1 ,SURF ), AAA,BBB) PRECA377
IMSS = IMS(SURF) PRECA378

IF (IMSS.LT.1) GO TO 320 PRECA3?9

DO 310 INS=1,IMSS PRECA380

310 IF (BEH(IHS,SURF).LE.0.) NEGBE = 2 PRECA3S!
320 CONTINUE PRECA382
PRECA383

FEOEEN DI DEIEIE 0 D0 D000 000U 0O DI DDV B DEIEIE NI D 06 D MU0 W R M XN MM N MM NN ¥ PRECASBG
NOTE w» WTFL, OMEGA, AND LAMBDA ARE ALL REDUCED AT THIS POINT, PRECA385
AND REMAIN REDUCED FOR THE REST OF THE PROGRAM, EXCEPT THAT PRECA386
LAMBDA IS RESTORED TO FULL VALUE IN TVELCY PRECA387?
PRECA388

ACTHT = WTFL PRECA389
ACTOHMG = OMEGA PRECA3S0
ACTLAM = LAMBDA PRECA391
WTFL = REDFAC¥WTFL PRECA392
OMEGA = REDFAC®OMEGA PRECA393
LAMBDA = REDFAC*LAMBDA PRECA39S

THL B 2.¥0OMEGA%LAMBDA PRECA395

THH = 2.%OHEGA/WTFL PRECA396

c PRECA397
C HWRITE QUTPUT CALCULATED BY PRECAL PRECA398
[ PRECA399
WRITE(NWRIT,1030) WI,WMI,WCRI,BTAIN,WO,HWMO,HCRO,BTAQUT,FSHI,FSMO PRECA400
WOSV=HO PRECA401
WISV=HI PRECAGOZ
WRITE{NWRIT,1040) PITCH,HT,HMI PRECA403
WRITE{NHRIT,1050) ITMIN,ITMAX,ACTLAM,RVTHO,HTFL,NIP PRECAG04
WRITE(NNRIT,1060) (IMOP{I},WIMNOPLI),WKCRII),BETAINII),I=Y,4) PRECA405

GO TO 5000 PRECA406
WRITE(NWRIT,1070) PRECA4Q7
WRITE(NWRIT,1080) (MY(IM),RM({IM),TV(IM,1),DTOMV(IM,1),CURV(IN,1), PRECA408

1 TV(IN,2),DTOMVIIM,2),CURV(INM,2),IN=MBI,MBO) PRECA409
WRITE(NWRIT,1085) DISTLE,IM1,0ISTTE,IML PRECAGID
WRITE(NWRIT,1090) (IM,MVEIM),RM(IM),SAL(IM},BE(IM),DBOM(IM), PRECAG1
1BEF(IM),DBFDM(IM),IN=1,MM) PRECA412
HWRITE(HWRIT,1120) PRECA413

DO 330 SURF=1,2 PRECA414

IMSS = IMS{SURF) PRECAGIS

330 WRITE(NWRIT,1130) SURF,(MH(IM,SURF),RMH(IM,SURF},BEH(IH)SURF}, PRECAG16

1 BETAH(IM,SURF ),DTDMH{ IM, SURF },IM=1,IMSS) PRECA417
WRITE(HWRIT,1110) (IM, IVIIM), LITVLIN,SURF},SURF=1,2),IH=1,H1M1) PRECA418
WRITE{NWRIT,1140) PRECA419

5000 CONTINUE PRECA420
IT 8 ITMIN PRECA421

340 IF (IT.GT.ITMAX) GO TO 350 PRECA422
TH B FLOATC(ITISHT PRECA423

c WRITE(NHRIT,1010) IT,TH PRECA424
IT 8 IT+( PRECA425

GO TO 340 PRECAG26

c PRECA427
C STOP PROGRAM IF FATAL ERROR HAS OCCURRED IN PRECAL PRECAG28
c PRECA429
350 IF(NIP.GT.2500) STOP PRECA430
IFCIMSHMAX.GT.160) STOP PRECA431
IF(IERROR.NE.O} STOP PRECA432
IF(NER(1).NE.Q) STOP PRECA433
IF(NEGBE.NE.O) STOP PRECA434
WRITE(HNKWRIT,1000) PRECA435
RETURN PRECAGIS

[ PRECA437
C FORMAT STATEMENTS PRECA438

< PRECA439

1000 FORMAT (1H%) PRECA440
1010 FORMAT (4X,14,616.5) PRECA44G1
1020 FORMAT(60HOINPUT WEIGHT FLOW (WTFL) IS TOO LARGE AT BLADE LEADING PRECA442
1EDGE) PRECA443
1022 FORMAT(61HOINPUT WEIGHT FLOW (WTFL) IS TOO LARGE AT BLADE TRAILINGPRECA444
1 EDGE) PRECA445

1026 FORMAT(GSHOINPUT WEIGHT FLOW (WTFL) IS TDOD LARGE AT M =,G15.5,7H (PRECA446
1IM = ,I3,1H)) PRECA447
1026 FORMAT(97HOINPUT WEIGHT FLOW (WTFL) I5 TOO LARGE ONE-HALF MESH SPAPRECA448

1CE INSIDE UPSTREAM OR DOWNSTREAM BOUHDARY) PRECA44GY9
1030 FORMAT(1H1,10X,8HRELATIVE, 11X, fOHMERIDIONAL,11X,8HCRITICAL, PRECA450
1 11X, 9HREL. FLOW/11X,3(8HVELOCITY,12X),6H ANGLE/ PRECA451
2 3(9X, 11HAT M = FSHIY,7X, 16HAT UPSTREAH BDY./1X,4G20.5/ PRECA452
3 309X, VIHAT M = FSNO),6X,18HAT DOWNSTREAM BDY./1X,4620.5//7 PRECA453
4 9X,6HFSHI =,6164.5/9X,6HFSM0 =,614.5) PRECA454



€LT

1040 FORMAT(//30H CALCULATED PROGRAM CONSTANTS//5X,5HPITCH, 13X, PRECAA55
1 2HHT, 13X, 3HHM1/1X,5616.7) PRECA456
1050 FORMAT (/5X,5HITMIN,10X,5HITHAX/4X,15,10X,15//5X,6HLAMBDA, 12X, PRECA457
1  29H DOWNSTREAHM WHIRL (RVTHO) /1X,G16.7,12X,616.7/26H0 REDPRECA458

2UCED WEIGHT FLOR =,616.7/38H0 NUMBER OF INTERIOR MESH POINTS = PRECA459
3,15) PRECA460
1060 FORMAT(4O0HOCALCULATED VELOCITY DIAGRAM INFORMATION/24X,2HIN,9X, HWPRECAG6!

1, 17X, 5HH/HCR , 16X, 4HBETA/1X, 1 THUPSTREAM BOUNDARY,5X,13,3620.5/1X, PRECAG62
212HLEADING EDGE,10X,I3,3620.5/1X, 13HTRAILING EDGE,9X,I13,3G20.5/ PRECA463
31X, 19HDOWNSTREAH BOUNDARY, 3X,13,3620.5) PRECAG6S

1070 FORMAT (1Ht,6X,62HBLADE DATA AT INTERSECTIONS OF VERTICAL MESH LINPRECA465
1ES WITH BLADES) PRECA466
1080 FORMAT (/37X,15HBLADE SURFACE 1,30X,t15HBLADE SURFACE 2/7X,1HM, 14X, PRECAGE7
1 1HR » 14X, 2HTV, 11X, BHDTONY, 1 1X,4HCURV, 12X, 2HTV, 1 1X,5HDTONY, 11X, PRECA468
2 GHCURV/(8G15.5)) PRECA469
1085 FORMAT(3BHOFAIRING DISTANCE FROM LEADING EOGE 18,620.5,8H (IM} = ,PRECA470
113,1H)/39H FAIRING DISTANCE FROM TRAILING EDGE 15,G20.5,84 (IML = PRECA47Y
2,I3,14)) PRECAGT2
1090 FORMAT (1H1,13X,44HSTREAM SHEET COORDINATES AND THICKNESS TABLE / PRECA473
1 2X»2HIM, 7X, 1HH, 14X, 1HR, 13X, BHSAL, § 3X, 1HB, 12X, 5HDB/DM, 14X, 2HBF, PRECA474
211X,6H0BF/DH/(1X,13,7G15.5)) PRECAG7S
1100 FORMAT(34HLONE OF THE HH ARRAYS IS TOO LARGE/7H IT HAS,15, 84 POIPRECA476
1NTS) PRECA477
1110 FORMAT (4H1 IM,9X,8HIV ARRAY,25X,9HITV ARRAY/38X,5HBLADE/37X,7HSURPRECAG78
1FACE, 3%, 1H1,5X, 1H2/39X, 3HNO. 7{1X, 13,5X,110,25X,2(14,2X))) PRECA479
1120 FORMAT (67HIH COORDIMATES OF INTERSECTIONS OF HORIZONTAL MESH LINEPRECA4SO

1S WITH BLADE) PRECA4B1
1130 FORMAT (25HOMH ARRAY ~ BLADE SURFACE,I2//15X,2HMH,19X,3HRMH,19X, PRECA482
1 3HBEM,18X,5HBETAH, 17X, 5HDTDMH/(5G22.4)) PRECA483
1140 FORMAT (43H1THETA COORDINATES OF HORIZONTAL MESH LINES//6X,2HIT, PRECA484
15X, 5HTHETA) PRECA485
1150 FORMAT(48HOTHE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2500) PRECA488

1160 FORMATISOHOTHE INPUT BESP ARRAY RESULTED IN A NEGATIVE VALUE OF BEPRECAGST
1 AT A VERTICAL HESH LINE/5X,47HTHE PROGRAM WILL TERMINATE AT THE EPRECA488
2ND OF PRECAL) PRECA489

1170 FORMAT{82HOTHE INPUT BESP ARRAY RESULTED IN A NEGATIVE VALUE OF BEPRECA4%0
1 AT A HORIZONTAL MESH LINE/SX,47HTHE PROGRAM WILL TERMINATE AT THEPRECA491
2 END OF PRECAL) PRECA492

END PRECA493
/7

nooo0

oo

SUBROUTINE PLOTER (KK1,KK2,KK3,KK4)
ENTRY BLDPLT

RETURN

ENTRY VEPLOT

RETURN

ENTRY TYPLOT

RETURN

END

SUBROUTINE COEF

COEF CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K,

AT ALL UNKNOWN MESH POINTS FOR THE ENTIRE REGION

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2)

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,WTFL,OHEGA,ORFBETAL,BETAD,
LAMBDA,RVTHO,REDFAC,DENTOL, FSMI, FSMO,S55M1,55H2, MBI, HBO, N,
NBBI,NBL,NRSP,MOPT, LOPT, LRVB,BLOAT,AANDK, ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORD(2),STGRE(2),RI(2),R0(2),BETI(2),BETO(R),
NSPI(2),TITLEI(20),MR(50),RHSP(50),BESPF(50},HOHCR(50),
PLOSS(50),MSP(50,2), THSP(50,2)

MNP N -

COMHON /CALCON/ ACTHT,ACTOMG,ACTLAM,HBIMI,MBIP1,MBOH1,MBOPY,MMH!,

HM1,HT,DTLR,DMLR, PITCH,CP,EXPON, TWH,CPTIP, TGROG, TBI, TBO, THL,
WI,HMI,HCRI,ITMIN, ITHAX,NIP,IMS1,IN52,IM5(2),BV(2),HLE(2],
THLE(2),RMI(2),RMO(2),BESP(50),MV(100),RM(100),BE(100),
BEF(100),DBDM(100),DBFOM(100),SAL(100),PLOSIN(100),AAA(100),
BEBL100),IVI101),1TV(100,2),TV(100,2),DTDMVII0G,2),
BETAV(100,2),MH(100,2),DTDMH(100,2),BETAR(100,2),RMH(100,2),
BEH(100,2),PLOSMH(100,2)

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500},RHO(2500)

LEVEL 2, A,U,K,RHO

COMMON /HRBAAK/H(4),R(4),B14),KAK(4),KA14),RZ,BZ,IH(4)

COMMON /TBBC/ TBIBC,TBOSC

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD, SURVL, AATENP, SURF,FIRST,
1 UPPER,S1,ST
REAL K,KAK,LAMBDA,LMAX,HH,MLE,MR,MSL,MSP,HV,MVINT

INITIALIZE ARRAYS
IH(1)Y = 1
IH(2) = 0O

INCOMPRESSIBLE CASE
IF (GAM.MNE.).5.0R.AR.NE.1000..0R.TIP.NE.1.E6) GO TD 20
IEND = 1
GO TO 40

ADJUSTMENT OF PRINTING CONTROL VARIABLES

20 IF{ITER.NE.1.AND.ITER.NE.2) GO TO 30

AANDK B AAHDK-1

~NCU LW -

ERSOR = ERSOR-t{
STREN = STRFN-1
SLCRD B SLCRD-1
INTVL = INTVL-t
SURVL = SURVL-1
30 IF(IEMD.NE.O) GO TO 40
AANDK B AANDK+2
ERSOR = ERSOR+2
STRFN = STRFH+2
SLCRD = SLCRD+2
INTVL = INTVL+2
SURVL B SURVL+2

FIRST VERTICAL HESH LINE

PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
CotF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
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40 DO 50 IP=1,NBBI

ALl
Al(I
AT
ALl

P,1) = 0.
P,2) = 0.
P,3) = 0.
P,4) = 1.

50 K(IP) = HMI#TBIBC/PITCH#2./(RH(1)+RH(2))

UPSTREAM OF BLADE, EXCEPT FOR FIRST VERTICAL MESH LINE

IF

(2.GT.MBIM1) 60 TO 70

DD 60 IM=2,MBIMY
60 CALL COEFP(IM)

BETHEEN BLADES

70 DO 80 IM=MBI,MBO
80 CALL COEFB{IM)

DOWNSTREAM OF BLADES EXCEPT FOR FINAL MESH LINE

150 IF (MBOP1.GT.MMM1) GO TO 170

Do

160 IM=MBOP1,HMM!

160 CALL COEFP{IM)

FINAL VERTICAL MESH LINE

170 IVMH = IVI(MH)

Do

ALl
A(l
Al
Al

180 IP=IVMM,NIP
P,1) = 0.
P,2) = 0.
P,3) 1.
Pya) = 0.

180 K(IP) = -HMI®TBOBC/PITCH%2./(RM(MM)}*RM({MM-1))

TAKE CARE OF POINTS ADJACENT TO B, AND CASES WHEN POINTS J,C,E, OR F

ARE GRID POINTS

POINT B

1p
AlI

= IV(HBIMY)
P,4) B 0.

POINT C

COSUB CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K

IF
IT
1P
ALl
RET
END
SuUB

(ITV(MBO,!)-ITV(MBO,2)+NBBI.NE.2) RETURN
= ITVIMBO,1)-1

= IPF(MBOP1,IT}

P,3) B o.

URN

ROUTINE COSUB {IM)

ALONG ALL VERTICAL MESH LINES WHICH INTERSECT BLADES

VPN —-

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2)
COMMON /INPUTT/ GAM,AR,TIP,RHOIP,HTFL,0MEGA,ORF,BETAI,BETAQ,

LAMBDA ,RVTHO,REDFAC,DENTOL, FSMI,FSMO,SSM1,SSM2,MBI,HBO, MM,
MBBI,NBL,NRSP,MOPT, LOPT, LRVE,BLDAT, AAMDK, ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORD(2),STGR(2),RI(2),R0(2),BETI(2),BETO(2),
NSPI(2),TITLEI(20),MR(50),RMSP(50),BESPF{50),HONCR(50),
PLOSS(50),M5P(50,2),THSP(50,2)
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COEF 100

cosus
cosus
cosub
cosuB
cosus
cosus
cosus
cosus
cosus
cosus
cosus
€osup

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIMI,MBIP1,MBOMI,MBORY,MMM1, COSUB

ooon

oo

1 HM1,HT,DTLR4DMLR, PITCH,CP, EXPON, THW,CPTIP, TGROG, TBI, TBO, THL, cosus

2 WI,WMI,WCRI, ITHIN, ITMAX,NIP,INS1,IMS2,IMS(2),BVI2),MLE(2), cosuB

3 THLE(2),RMI(2),RMO(2),BESP{50),MV(100),RM(100),BE(100), cosuB

4 BEF(100),DBOM(100),DBFDM(100),SAL(100),PLOSIM(100),AAA(100), COSUB

5 BBB(100),IV(101),ITV(100,2),TV(100,2),DTOMV(100,2), cosuB

6  BETAV(100,2),MH(100,2),DTDMH(100,2),BETAH(100,2),RMH(100,2), COSUB

7  BEH(100,2),PLOSMH(100,2) cosuB
COMMON ZAUKRHO/ At2500,4),U(2500),K(2500),RHO(2500) cosus
LEVEL 2, A,U,K,RHO cosus
COMMON /HRBAAK/H(4),R(4)sB(4),KAK(4),KA(4),RZ,BZ,IH(4) cosus
INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVLAATEMP,SURF,FIRST, COSUB

1 UPPER,S1,ST cosup
INTEGER DUMM cosuB
REAL K,KAK, LAMBDA,LMAX,MH ,MLE,MR,MSL,MSP,HY,MVIM? cosup
DATA IAOVER/0/ cosus
cosus

COEFB CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K,COSUB
ALONG VERTICAL MESH LINES WHICH INTERSECT BLADES cosus
cosuB

ENTRY COEFB cosuB

IF (ITV(IM,1).GT.ITV(IN,2)) RETURN cosua
ITVU = ITV(IM,1) cosuB

IT = ITVW - 1 CosuB
ITVL = ITV(IM,2) cosus
IPU = IPF(IM,ITVU) cosuB
IPL = TPU+ITVL-ITVU cosus

00 90 IP=IPU,IPL cosus

IT & ITH cosus
CALL HRB (DUMM,IM,DUHM,IT,IP) cosus
00 10 I=1,9 CcosuB
KAK(I) m 0. CcosuB

10 KA(I) = 0 cosus
FIX HRB VALUES FOR CASES WHERE MESH LINES INTERSECT BLADES cosus
60 IF (IT.EQ.ITV(IM,1)) CALL BORY12(1,IM,DUMM,IT) cosus
IF (IT.EQ.ITV(IM\21} CALL BORY{2(2,IM,0UMM,IT) cosus
ITVM B ITV(IN-1,1) cosus
ITVP1 = ITV(IM#1,1) cosus

IF (IT.LT.ITVMt) CALL BDRY34{3,IN,1) cosus

IF (IT.LT.ITVP1) CALL BDRY34(4,IM,1) cosus

IF (IT.GT.ITV(IM-1,2)) CALL BDRY34(3,IM,2) cosub

IF (IT.GT.ITV(IM*1,2)) CALL BDRY34(4,IM,2) cosus
COMPUTE A AND K COEFFICIENTS cosus
80 CALL AAK (DUMM,IM,DUMM,DUMM,IP) cosuB
DO 90 I=1,4 COSUB
K(IP) = KUXIP)+KAK(TI)*ACIP,I) cosus

IF (KALI).EQ.1) ACIP,I) = 0. cosus

IF (ABSC(A(IP,I}).LE.1.) GO TO %0 cosuB
A(IP,I) = SIGN(1.,A(IP,I)) cosus
IAOVER = TAOVER*!t cosuB

IF (IAOVER.LT.50) GO TO 90 cosus
HRITE{NWRIT,1000) cosus
STOP cosuB

90 CONTINUE cosus
RETURN cosus
cosus

COEFP CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND COHSTANTS, K,COS5UB
ALONG ALL VERTICAL MESH LINES WHICH DO NOT INTERSECT BLADES cosus
cosuB

ENTRY COEFP cosus
ITVU g ITV(IN, 1} cosub



SLT

O0000

IT & ITVU-1

ITVL = 1TV(IN,2)

IPL = IVIIM#1)-1

IPU = IVIIM)

DO 100 IP=IPU,IPL

IT B 1T+t

CALL HRB (DUMM,IM,DUMM,IT,IP)

IF (IT.EQ.ITVU) R(1) = RHOLIPL)
IF (IT.EQ.ITVL) R(2) = RHO{IPU}
CALL AAK (DUMM,IM,DUMM,DUMM,IP)
D0 100 I=1,4
IF{ABSTACIP,I)).LE.1.) GO TO 100
ACIP,I} = SIGN(1.,A(IP,I))
IAOVER = IAOVER*f
IF(IAOVER.LT.50) GO TO 100
HRITE(NWRIT, 1000}

STOP

CONTIMUE

K(IPL)
K(IPU)
RETURN

KUIPL)*ALIPL,2)
K(IPU)-A(IPU,1}

cosus
cosus
cosun
cosuB
€osus
cosus
cosus
cosus
cosus
cosub
cosus
cosus
cosus
cosus
cosus
cosus
cosus
cosus
£osub
cosus
cosus

1000 FORMAT (1H1,5X,81HPROGRAM HAS BEEN STOPPED BECAUSE 50 OF THE A CCOSUB
fOEFFICIENTS ARE GREATER THAN 1.0./6X,62HLOCAL SUPERSONIC FLOW MAY COSUB

2

NOUIH WM -

1

1

HRB

ADJ
AND

BE THE CAUSE. TRY A SHALLER REDFAC.)

END

SUBROUTINE HRBAK (I,IM,SURF,XT,IP)

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIM?,HBIP1,MBOM1,HBOPY ,MMM1,
HH1,HT,DTLR,DHLR, PITCH,CP, EXPON, THH,CPTIP, TGROG, TBI, TBO, THL,
WI)WHMI,HCRI,ITMIN, ITHAX,NIP,IMS1,IN52,IH5(2),BV(2),HLE(2),
THLE(2),RHI(2),RHO(2),BESP(50),MV(100),RH(100),BE(100),
BEF(100),DBOM(100),DBFDH(100),SAL(100),PLOSIM(100),AAA(100),
BBBI100),IVI101),ITV(180,2),TV(100,2),DTOMV(100,2),
BETAV(100,2),HH(100,2),0TOMH(100,2),BETAH1100,2),RMH(100,2},
BEH(100,2),PLOSHH(100,2)

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RHO(2500)

LEVEL 2, A,U,K,RHO

COMMON /HRBAAK/H(4),R(4),B(4),KAK(4),KA{4),RZ,BZ,1IK(G)

COMMON /YARCOM/ RHOMB(100,2),RHOVB{100,2),HMB(100,2),WTB(100,2),
WHCRM{100,2),LABEL(1,100}

INTEGER BLDAT,AANDK,ERSOR,STRFN,S5LCRD,SURVL, AATEMP,SURF,FIRST,
UPPER, §1,8T

REAL K,KAK, LAHMBDA, LHAX,HH ,MLE MR, HSL,MSP, MV, MVIMI

CALCULATES MESH SPACING, H, DENSITIES, RZ AND R, AT GIVEN AND
ACENT POINTS, AND STREAM SHEET THICKNESSES, BZ AND B, AT GIVEN
ADJACENT POINTS

ENTRY HRB

H(1) = HT#RM(IM)

H(2) = HT*RM{IH)

H{3) = MY(IM) - MV(IM-1)
H{4) = MVIIM*1)-MV(IH)
RZ @ RHO(IP)

IP3 = IPFLIM-1,IT)
IPG = IPF(IM*+1,1IT)
R(1)} = RHOUIP-1)
R(2) = RHO(IP+1)
R(3) = RHO(IP3)
R{4) = RHO(IP4)

BZ = BE(IM)

cosus
cosus
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK
KRBAK
HRBAK
HRBAK
HRBAK
HRBAK
HRBAK

75
76
77

79
a0
81
82
83
84
85

87
1)
89
90
9
R
93
9%

9%
97
99

cCOVOEBYO By

"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

o000

onoo

oo

c

C SOR SOLVES THE SET OF SIMULTANEQUS EQUATIONS FOR THE STREAHM FUNCTION

C
c

8(3) = BE(IN-1)
Bta) = BECIMtE)
RETURN

AAK CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AHD CONSTANT, K,
AT A SINGLE HESH POINT

ENTRY AAK

Al12 B 2./7H(1)/H(2})

A34 = 2./H(3)/H(4)

AZ = A12+A34

B12 = (R(2)-RU11})/RZ/(H(1)+H{2))

B34 (Bl4)*R(4)-BI3)*R(3))/BZ/RZ/IHI3)+H(4})-SALILINI/RN(IN)
ACIP,1) (2./7H01)4B12)/7AZ/(HUT1)+H(2)}
A(IP,2) AT2/7AZ-ACLIP, 1)

ACIP,3) = (2./R(3)4B34)/AZ/(H(3)+H(4))
ACIP,4) = A3G/AZ-ACIP,3)

KUIP) = -THW*BZ#*RZRSAL(IM}/AZ

RETURN

BDRY12 CORRECTS VALUES COMPUTED BY HRB WHEN A VERTICAL MESH LINE
INTERSECTS A BLADE

ENTRY BORY12

H(I) = ABS(FLOAT(IT)®RHT-TV{IMN,I))*RH(IN)
R(I) @ RHOVBIIM, D)

KAK(I) = BV(I)

KA(I) = 1

RETURN

BDRY34 CORRECTS VALUES COMPUTED BY HRB WHEN A HORIZONTAL MESH LINE
INTERSECTS A BLADE

ENTRY BDRY34

IH(SURF) = IHISURF)+{
IHS = IH(SURF)

H(I) = ABS(HV(IM)-HH(IHS,SURF))
R(I) = RHOHB(IHS,SURF)
8(I) = BEH(IHS,5URF)
KAK(I) = BV(SURF)
KA(I) = 1

RETURN

END

SUBROUTINE SOR

USING THE METHOD OF SUCCESSIVE OVER-RELAXATION

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2}
COHMON /INPUTT/ GAH,AR,TIP,RHOIP,WTFL,OHEGA,ORF,BETAI,BETAD,

1 LAHBDA,RVTHO,REDFAC,DENTOL ,FSHI, FSMOD, SSM1, S5HM2,HBI \MBO, HH,

2  NBBI,NBL,MRSP,MOPT,LOPT,LRVB,BLDAT,AAHDK,ERSORsSTRFN,SLCRD,

3 INTVL,SURVL,CHORD(2),STGR{2),RI(2),RO(2),BETI(2),BETO(2),

4  NSPI(2),TITLEI(20),MR({50),RHSP(50),BESPF(50),HOKCRI50),

5  PLOSS(501,MSP(50,2),THSP(50,2)

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIH1,MBIP1,HBOM1,HBOPY,HMHT,
HM1,HT,DTLR,DHMLR, PITCH,CP, EXPON, THK,CPTIP, TGROG, TBI, TBO, THL,
WI,WHILHCRT, ITHIN, ITHAX,NIP,IMS1,INS2,INS(2),BV(2),MLE(2),
THLE{2),RHI(2),PHO12),BESP(50),HV(100),RN{100),BE(100),
BEF(100),DBDNM(100),08MDM{100),5AL(100},PLOSIM(100),AAA(100),
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5 BBB(100),IVI101),ITV(100,2),TV(100,2),DTDHVL100,2), SOR

6 BETAV(100,2),MH(100,2),DTOMH{100,2),BETAH{100,2),RMH(100,2), SOR

7 BEH(100,2},PLOSMH(100,2) SOR
COMMON /AUKRHO/ A(2500,4),U12500),K(2500),RHO(2500) SOR
LEVEL 2, A,U,K,RHO SOR
INTEGER BLDAT,AANDK,ERSOR,STRFN, SLCRD,SURVL,AATEMP,SURF,FIRST, SOR

1 UPPER,S1,ST SOR
REAL K,KAK,LAMBDA, LHAX,MH,MLE,MR,MSL,MSP,MV,HVIM! SOR
AATEMP = AANDK SOR

IF (ORF.GE.2.) ORF=0. SOR
ICOUNT = 0 SOR

IF {ORF.GT.1.) GO TO 50 SOR
ORF = 1. SOR
ORFOPT = 2. SOR

40 ORFTEM = ORFOPT SOR
LMAX = 0. SOR

50 IF C(AATEMP.GT.0) WRITE(NWRIT,1010) SOR
ERROR = 0. SOR
ICOUNT = ICOUNTH1 SOR
SOR

SOLVE MATRIX EQUATION BY SOR, OR CALCULATE OPTIMUM OVERRELAXATION SOR
FACTOR SOR
SOR

p=0 SOR

DO 120 IN=1,MM SOR
IPY = IVLIN) SOR
IPL = IVUIN#1)-t SOR

IT 8 ITVUIM, 1) SOR

IF (AATEMP.GT.0) WRITE(NWRIT,1020) IM,IT SOR

00 120 IP=IPU,IPL SOR
1Pt = IP-1 SOR
P2 = IPH| SOR
CORRECT IP1 AND IP2 ALOMG PERIODIC BOUNDARIES SOR
IF (IM.GE.MBI.AND.IM.LE.MBO) GO TO 60 SOR

IF (IT.EQ.ITVC(IM,1)} IP1=IP1+NBBI SOR

IF (IT.EQ.ITV(IM,2)) IP2=IP2-NBBI SOR

60 IT3 = IT SOR
ITe = IT SOR
100 IP3 = IPF(IM-1,IT3) SOR
IP4 = IPF(IM*1,1T4) SOR

IF (ORF.GT.1.) GO TO 110 SOR
CALCULATE NEW ESTIMATE FOR LHAX SOR
UNEW = ACIP,1)%U{IP1)4ACIP,2)%U{IP2)+A(IP,3)%UCIP3)+ACIP,4)%U(IP4)SOR

IF (UNEW.LT.1.E-25) ULIP)=0. SOR

1F tU1IP).EQ.0.) GO TO 115 SOR
RATIO = UNEW/U(IP) SOR
LMAX = AHMAX?(RAT1O0,LMAX) SOR
UCIP) = UNEW SOR

GO 7O 115 SOR
CALCULATE NEW ESTIMATE FOR STREAM FUNCTION BY SOR SOR
110 CHANGE = ORFM#(K(IPI-ULIP)I+ALIP,118ULIP1)*A(IP,2])%U(TP2)+ALIP,3)# SOR
1 UCIP3)+ACIP,4)%U(IP4}) SOR
ERROR = AMAX1(ERROR,ABS(CHANGE}) SOR
UTIP) = UCIP)*+CHANGE SOR
115 IF (AATEMP.LE.0) GO TO 120 SOR
WRITE{NKWRIT,1030} IT,IP,IP1,IP2,IP3,IP4,(AlIP,I),I=1,4),K(IP) SOR
120 IT = IT#+ SOR
AATEMP = 0 SOR

IF (ORF.GT.1.} GO TO 130 SOR
ORFOPT B 2./(1.+SQRTEABS(1.-LHMAX))) SOR

IF (ICOUNT.EQ.{ICOUNT/1000)%1000) WRITE(NWRIT,1000) ORFOPT
IF (ORFTEM-ORFOPT.GT..00001.0R.ORFOPT.GT.1.99) GO TO 40
HRITE(NWRIT,1000) ORFOPT

HRITECHWRIT,1070) IT
ORF = ORFOPT
ICOUNT = 0
GO 1O 50
130 IF (ERSOR.GT.0) WRITE(NWRIT,1040) ERROR
IF (ICOUNT.EQ.(ICOUNT/1000)%1000) WRITE{NWRIT,1080) ERROR,ICOUNT
IF (ERROR.GT..00003) GO TO 50
IF (STRFN.LE.D0) RETURN
c
C PRINT STREAM FUMCTION VALUES FOR THIS ITERATION
c
IF (REDFAC.LT.1.) WRITE(NWRIT,1050}
IF (REDFAC.ER.1.) WRITE(NWRIT,1055)
DO 140 IM=1,MM

140

IFPU B IVIIM)

IPL B IV(IM#+1)-1

ITVU = ITVIIM,Y)

KRITE(HWRIT,1020) IM,ITVU
HRITE(NWRIT,1060) (U(IP),IP=IPU,IPL)
RETURN

c
C FORMAT STATEMENTS
c

0000

1000 FORMAT (24H ESTIMATED OPTIMUM ORF =,F9.6}
1010 FORMAT (82H) IT IP I P2 IPZ  IP4 A1) AL2)
1 AL3) Al4) K}
1020 FORMAT (5HKIM =,14,6X,6HITY = ,I4)
1030 FORMAT (1X,14,516,5F10.5)
1040 FORHAT (8H ERROR =,F11.8)
1050 FORMAT (1H1,10X,44HSTREAM FUNCTION VALUES FOR REDUCED MASS FLOW)
1085 FORMAT (1H1,10X,41HSTREAM FUNCTION VALUES FOR FULL MASS FLOW)
1060 FORMAT (2X,10F13.8)
1070 FORMAT(IH ,# IT = #,16}
1080 FORMAT (8H ERROR =,G14.4,7H AFTER ,16,11H ITERATIONS)
END

SUBROUTINE VELMER

VELMER CALLS VELPM AND VELBM TO CALCULATE RHO%H-SUB-M THROUGHOUT THE
REGION AND ON THE BLADE SURFACES

MmN -

NV S U -

1

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,HTFL,0MEGA,ORF,BETATI,BETAO,
LAMBDA, RVTHO,REDFAC,DENTOL ,FSMI, FSMD, 5511 , SSM2 ,MBI ,HBO, MM,
NBBI,HBL,NRSP,MOPT,LOPT, LRVB,BLDAT, AANDK, ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORD(2),STGR(2),RI(2),R012),BETI(2),BETO(2),
NSPI{2),TITLEI(20),MR(50),RMSP(50),BESPF(50),HONCR(50),
PLOSS(501},MSP({50,2),THSP(50,2)

COMMON /CALCON/ ACTRT,ACTOMG,ACTLAM,HMBIM1,MBIPY,HBOM1,HBOPY,MIMY,
HML,HT,0TLR,OMLR, PITCH,CP, EXPON, THK,CPTIP, TGRQG, TBI, TBO, THL,
WI,WMI,WCRI,ITHIN, ITMAX,NIP,IMS1,IHS2,IHS(2),BV(2),MLE(2),
THLE(2),RMI(2),RM0{2),BESP{50),MV(100),RM(100),BE(100),
BEF(100),0BDM{ 100),DBFDHM{ 100),5AL(100),PLOSIM{1001,AAA(100),
BBB(100),IV(101),ITV(100,2),TV(100,21,DTDMV(100,2),
BETAV{100,2),MH(100,2),DTDMH(100,2),BETAH(100,2),RMH(100,2),
BEH(100,2),PLOSMH(100,2)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP, SURF,FIRST,
UFPER,St,ST

REAL K,XAK,LAMPDA, LMAX,HH,MLE ,MP, MSL,MSP, MV, HVIMT
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c
C CALL VELPM AND VELBM THROUGHOUT THE REGION
c

ITVU = ITV(1.1)

ITVL = ITv(1,2)

aoon

[
c

DO 10 IM=1,MBIM1
10 CALL VELPHC(IM,ITVU,ITVL)
DO 20 IM=MBI,MBO
I1=09
CALL VELBH(IM)
ITVU = ITVIMBOP1,1)
ITVL = ITV(HBOP1,2)
00 30 IM=MBOP1,MM
30 CALL VELPM(IM,ITVU,ITVL)
RETURN
END
SUBROUTINE VELSUB (IM,ITVU,ITVL)

2

o

YELSUB CALCULATES RHO*W-SUB-M THROUGHOUT THE- REGION AND ON THE BLADE
SURFACES, AND CALCULATES THE STREAMLINE LOCATIONS

COMMON NREAD,NWRIT)ITER,IEND,LER(2),NER{2)}
COMMON /INPUTT/ GAM,AR,TIP,RHOIP,HTFL,0MEGA,ORF,BETAI,BETAD,

1 LAMBDA,RVTHO,REDFAC,DENTOL,FSMI,FSHD, SSHI , SSM2, MBI, MBO, MM,

2  NBBI,NBL,NRSP,MOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRD,

3 INTVL,SURVL,CHORD(2),8TGR(2),RI(2),R0{2),BETI(2),BETO(2),

4  NSPI(2),TITLEI(20},MR(50),RMSP(50),BESPF(50),HOHCRI50),

5 PLOSS(50),MSP(50,2),THSP(50,2)

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIM1,MBIP1,MBOM!,MBOPY,MMMY,
HH1,HT,DTLR,DMLR,PITCH, CP,EXPON, THH, CPTIP, TGROG, TBI, TBO, THL,
WI,WHILHCRY, ITMIN, ITHMAX,NIP, IMSY,IM52,INS12),BVI2),HLEL2),
THLE{2),RMI(2),RMO(2),BESP{50),MV(100),RM{100),BE(100),
BEF(100),DBDM(100),DBFDM(100),SALI100),PLOSIM(100),AAA(100),
BBB(100),IV(301),ITV(100,2),TV(100,2),DTDHV(100,2},
BETAV(100,2),MH4{100,2),0TDMHL100,2),BETAH(100,2),RHH(100,2),
BEH(100,2),PLOSMH( 100,21}

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RHO(2500)

LEVEL 2, A,U,K,RHO

COMHON /VARCOM/ RHOHB(100,2),RHOVB(100,2),HMB(100,2),WTB(100,21,

1 WHCRM(100,2),LABEL(1,100)

DIMENSION W(2500),BETA(2500),DUDT{2500),DUDTT(2500),AAP(2500),

1 BBP{2500)

LEVEL 2, H,BETA,DUDT,DUDTT,AAP,BBP

EQUIVALENCE (A,H),(A(1,2),BETA),(A(1,3),0UDT},(A(1,4),0UDTT),
1 (K,AAP),{RHO,BBP}

COMMON /SLCOM/ USL1100,11),TSL(100,11)

LEVEL 2, USL,TsL

COMMON /PLTCOM/ TSLPT{1100),XDOWN(400),YACRCS(400)

LEVEL 2, TSLPT,XDOWN,YACROS

DIMENSION TSP(51),USP(51),0DT(51),UINT(11),TINT(11)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP, SURF ,FIRST,

1 UPPER,S1,ST

REAL K,KAK,LAMBDA, LMAX,MH,MLE,HR,MSL,MSP, MV, MVIMY

NOV P EAN -

VELPM CALCULATES ALONG VERTICAL MESH LINES WHICH DO NOT
INTERSECT BLADES

ENTRY VELPHM
5 NSL = 5
NSLMY = NSL-1
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c

C VELBM CALCULATES ALONG VERTICAL MESHLINES WHICH INTERSECT BLADES
c

o000

2

60
70
a0

FOR VELPH AND VELBM, CALCULATE RHO*W-SUB-M IN THE REGION
FOR VELBM, CALCULATE RHO®W AT VERTICAL MESH LINE INTERSECTIONS WITH

Lot o

NSP = ITVL-ITVU+2

IP = IV(IN)I-1

00 10 IT=1,NSP

Ip = IPY)

TSPUIT) = FLOAT(IT+ITVU-1)¥HT
USP(IT) = ULIP)

USP(NSP) = USPR(1)#+1,

IP = IV(IM)

INTU = INT(UCIP)*FLOAT{NSLM1)}
IF (WIP).GT.0.) INTU=INTU¥{

DO 20 J=1,NSLMY

VINT(J) = FLOAT(INTU}/FLOAT(NSLM1)
INTU = INTUH1

UINT(NSL) = UBINT(Y)

CALL SPLIPR(HT,USP,NBBI,DDT,AAA}
GO TO 100

ENTRY VELEN

Loc = 1

ITVUPt = ITVIIM, 1}

ITVLHL = ITV(IM,2)

ITVU B ITVUP1-1

ITVL = ITVLHI®YY

NSP = ITVL-ITVUH

TSP(1) = TVIIM, 1Y)

TSP(NSP) B TV(IM,2)

USP{1) = BV(1)

UsSP{nsp) = 8vi2)

IP = IVIIM)-

NSPH1 = NSP-1

IF (2.GT.NSPM1) GO TO 70

D0 60 IT=2,NSPH1

IP = IPH

TSPCIT) = FLOAT(IT+ITVU-1)#HT
USPLIT) = U(IP)

DO 80 I=1,NSL

UINT(I} = FLOAT(I-1)/FLOAT(NSLMI)
CALL SPLINE(TSP,USP,NSP,DDT,AAA}

BLADE SURFACES

100

tto
120

CONTINUE

IT = LoC

IPU = 1V(IM}

IPL = IV(IN#Y)-1

DO t10 IP=IPU,IPL

IT = ITH

DUDT(IP) = DOT(IT}

DUDTTI(IR) = AAALIT)

IF (LOC.EQ.0) GO 7O 130

WMB(IM,1) = DOT(1)*HTFL/BE({IN)/RM(IN}
WMB(IM,2) = DOTINSPI¥WTIFL/BE(INI/RH(IM)
RMDTU2 B (RHITM)*DTOMVIIN, 1) )%w2
RMDTL2 = (RM(IM)*DTOMV(IN,2))%%2

IF (RMDTU2.GT.10000.) WMB(IM,1) = D.
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IF (RMDOTL2.6T.10000.) WHMB(IM,2) = O.
WHBUIM, 1) = WMBUIM,1)#SQRT(1.*+RHDTU2}
WMB(IM,2) = WHB(IM,2)%*SQRT(1.+RMDTL2}
130 IF (SLCPD.LE.O) RETURN
CALL SPLINT{USP,TSP,NSP,UINT,HSL,TINT,AAA,BBB)
DD 14D J=3,H5L
USL{IM,J) = UVINT(J)
TSLIIMyJ) = TINTC(J)
L = (J-1)#HM+IN
140 TSLPT(L) = TINT(J)
RETURN
END
SUBROUTINE VELTAN

YELTAN CALCULATES RHO¥W-SUB-THETA AND THEN RHO®MW THROUGHOUT THE
REGION AND ON THE BLADE SURFACES, AND CALCULATES BETA
THROUGHOUT THE REGION

COMMON NREAD,NWRIT,ITER,IEND,LER(2},NER(2)

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,WTFL,OHMEGA,ORF,BETAI,BETAO,
LAMBDA,RVTHO,REDFAC, DENTOL, FSHI,FSHO,S5M1 ,SSM2,HBI ,MBC, MM,
NBBI,NBL,HRSP,MOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR, STRFN,SLCRD,
INTVL,SURVL,CHORD(2),STGR(2),RI(2),R0O(2),BETI(2),BETOL2),
NSPI(2),TITLEI(20),MR(50),RMSP{50),BESPF(50),HONCRI50),
PLOSS(50),HMSP(50,2),THSP(50,2)

COMMON /CALCON/ ACTRT,ACTOMG,ACTLAM,MBIMI,MBIPT,HMBOML ,HBOPY ,HMM1,
HM1,HT,DTLR,DHLR,PITCH,CP,EXPON, TRH,CPTIP, TGROG, TBI, TBO, THL,
WIWMILHCRI, ITHMIN, ITHAX,NIP,IMSY,IHS2,INS(2),BV(2),MLE(2),
THLE(2),RMI{2)},RMO{2),BESP(50),MV(100),RM(100),BE(100),
BEF(100),DBOM(100),DBFDM(100),SAL(100),PLOSIN(100),AAA(100),
BBB{100),IV(101),ITV(100,2),TV(100,2),DTOMV(100,2},
BETAV(160,2),MH(100,2),DTDMH{100,2},BETAH(100,2),RMH(100,2),
BEH[100,2),PLOSMHI100,2)

COMMOM /AUKRHO/ A{2500,4),U{2500),K(2500),RH0(2500)

LEVEL 2, A,U,K,RHO

COMHON /VARCOM/ RHOHB(100,2),RHOVB(100,2),HMB(100,2),KWTB(100,2),

1 WWCRH(100,2),LABEL(1,100)

DIMENSION W(2500),BETA(2500),DUDT(2500),DUDTT(25003,AAP(25001),

1 BBP(2500)

LEVEL 2, W,BETA,OUDT,DUDTT,AAP,BBP

EQUIVALENCE {A,W),lA(1,2),BETA),LAL1,3),0U0T),(A(1,4),BUDTT),

1 (K,AAP}, (RHO,BBP)

DIMENSION SPM(100),USP(100),0DT(100),DUDM(100),DUDHM(100),

1 DUDTH( ¢00),0WDM( 1001 ,WIPC100)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP, SURF,FIRST,

1 UPPER,St,ST

REAL K,KAK,LAHEDA, LMAX,MH,MLE,MR,MSL,MSP, MV, MVIMI

EXTERNAL BL1,BL2

Ve W -

NOCWVPH W -

PERFORM CALCULATIONS ALONG OME HORIZONTAL LINE AT A TIME
IT & ITHIN
10 IF (IT.GT.ITHMAX) RETURN
St = 0
ON THE GIVEN HORIZONTAL MESH LINE, FIND A FIRST POINT IN THE REGION
IF (IT.GE.Q.AND.IT.LT.NBBI) GO TO 60
I = MBRIML
20 IM = IM¥t

VELSUtO06
VELSUtO07
YELSU108
VELSU109
VELSU1 10
VELSU11}
VELSU1t2
VELSU113
VELSU114
YELSU11S
VELSU1t6
VELSU117
VELTAN
VELTAN
VELTAN
VELTAN
VELTAN
VELTAN
VELTAN
VELTAN
VELTANIO
VELTAN?t ¢
VELTAHI2
VELTAN13
VELTANTG
VELTANIS
VELTANIS
VELTANI?
VELTANIS
VELTANL 9
VELTAN20
VELTAN2Y
VELTAN22
VELTANZ3
VELTAN2&
VELTAN2S
VELTAN26
VELTAN27
VELTAN2S
VELTAN29
VELTAN3O
VELTANMY
VELTAN32
VELTAN33
VELTAN34G
VELTAN3S
VELTAN36
VELTAN3?
VELTAN3S
VELTAN3®
VELTAN4G
VELTANG
VELTANG2
YELTAN43
VELTANGG
VELTAN4S
VELTAN4S
VELTAMG?
VELTANGS
VELTANG9

a@NOCRnPWN

noo

o000

000

o000

o000

IF {IM.GT.MBOP1) GO TO 200
SURF =
IF (IT.GE.XTVIIM, 1) .AND.IT.LT.ITV(IM-1,%)) GO TO 70

IF (IM.EQ.MDOP1.AND.IT.EQ.ITV(MBO,1)-1.AND.ITV(HBO,1)-ITV(HBD,2)

1 +MBBI.EG.2) GO TO 70

SURF = 2

IF (IT.LE.ITV(IM,2).AND.IT.GT.ITV(IM-1,2)) GO TO 70
GO 10 20

FIRST POINT 1S ON BOUNDARY A-H

60 IMt a t

m=1

SPM(1) = MV(1)
USP (1) = ULITH1)
GO TO 90

FIRST POINT IS ON A BLADE SURFACE

70 S1 = SURF
IM = It 1
M2 = IM

TH B FLOATUITI®HT

MVIMI = MV(IMY1)

IF (IM.EQG.MBIP1) MVIM1 = MVIM1+(MV{IM2)-MVIM1I)/1000.
LER(2) = 5

BLCD (VIA ROOT) CALL NO. 5

IF (S1.EQ.1.AND.IM1 NE.MBO) CALL ROOT(MVIHI,MV(IM2),TH,BL1,DTLR,

1 ANS,AAA}

LER(2) = 6

BLCD (VIA ROOT) CALL NO. 6

IF (S1.EQ.2) CALL ROOT(MVIM!,MV(IM2),TH,BL2,DTLR,ANS;AAA)
IF (S1.EQ.1.AND.IM! EQ.MBO) ANS = MV(MBO)

SPM(IM1) @ ANS

USP(IN1) @ BV(S!}

MOVE ALONG HORIZONTAL MESH LINE UNTIL MESH LINE INTERSECTS BOUNDARY

90 IF (IM.LT.MBI.OR.IM.GT.MBO) GO TO 120

SURF = 1
IF CIT.LT.ITV(IM,SURF).AND.IT.GE.ITV({IN-1,SURF}) GO TO 140
SURF = 2
IF (IT.GY.ITV(IN,SURF) . AND.IT.LE.ITV(IM~1,SURF)) GO TO 140

120 SPMEIM) = MV(IM)

IP = IPF(IM,IT)

USP(IM) = WIP)

IF (IM.ER.MM) GO TO 130
IM = IHH

GO TO 90

FINAL POINT IS ON BOUNDARY D-E

130 IMT = M4

GO TO 150

FINAL POINT IS ON A BLADE SURFACE

140 ST = SURF

IMT = IM
IMTHMI = IMT-1

VELTANS0
VELTAHS51

VELTANS52
VELTAN53
VELTANS4
VELTANSS
VELTAMS6
VELTANS?
VELTANS8
VELTAN59
VELTANGO
VELTANG1
VELTAN62
VELTAN63
VELTANGS
VELTANSS
VELTANG66
VELTANG?
VELTANGS
VELTANS9
VELTAN7O
VELTAN?T!
VELTAN72
VELTAN73
VELTAN74
VELTAN7S
VELTANT6
VELTAN?7
VELTAN78
VELTAN79
VELTANSO
VELTANSY
VELTANB2
VELTANS3
VELTANBG
VELTANSS
VELTANGS
VELTANS?
VELTANBS
VELTANSS
VELTAN90
VELTANS1

VELTAN92
VELTAN93
VELTAN94
VELTAN9S5
VELTAN9S
VELTAN9?
VELTAN9S
VELTAN99
VELTA100
VELTAL01

VELTA{102
VELTA$03
VELTA104
VELTA105

VELTA106

VELTAVO?
VELTAt08
VELTA109
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c

150

TH = FLOAT{IT)®HT

HVIML = RVOIMTHI)

IF (IM.EQ.MBIP1)} HVIMI

LER(2) = 7

BLCD (VIA ROOT) CALL NO. 7

IF (ST.EQ.1.AND.INT.NE.MBI) CALL ROOT(HVIMI,MV(INT),TH,BL1,
DTLR,ANS),AAA)

LER(2) = 8

BLCD (VIA ROOT} CALL NO. 8

IF (ST.EQR.2) CALL ROOT{MVIMI,MV(IMT),TH,BL2,DTLR,ANS,AAA)

IF {ST.EQ.1.AND.IMT.EQ.MBI) ANS=MY(MBI}

SPM(INT) = ANS

USP(IMT) = BVIST)

NSP = IMT-IMI#)

CALL SPLINE{SPM(IM1),USP(IM1),NSP,DUDH(INT),DUDMM(INT))

= MVIMI+(MV{IMT)}-MVIM1)/1000.

C CALCULATE RHO®H ON THE BLADE SURFACES
c

c

160

FIRST = 1

LAST =

IF (IM1.EQ.1) GO TO 160
FIRST = IM2

CALL SEARCH (SPM(IM1),S1,IHS)

ANS = DUDMIIMI I*WTFL/BENLIHS,31)

IF (81.EQ.2) ANS=-ANS

HYB(IHS,51) = ANSHSQRT({.+1./(RMH(IHS,S1)%DTDMH(INS,S1))1%x2)
DDT(IMY1) = ~DUDM(IM1)/DTDMHIIHS,St)

WIP(IM1) = WTB(IHS,51)/RHOHB(IHS,SY)

IF (IMT.EQ.MM) GO YO 170

LAST = IMTMI

CALL SEARCH (SPM(IMT),ST,IHS)

ANS = DUDHUIMT)®WTFL/BER{IHS,8T)

IF {ST.EQ.1) ANS=-ANS

HTB(IHS,ST) = ANSH#SQRT(1.+1./({RMH(IHS,STI*DTDMHIIHS,8T))uxn2)
DDTU(IMT) = -DUDM(IMT)/DTDMHIIHS,ST)

RIP(IMT) = WTBUIHS,ST)/RHOHB(INS,ST)

C CALCULATE RHOWK-SUB-THETA AND THEN RHO¥W AND BETA IN THE REGION
c

170

IF (FIRST.GT.LAST) GO TO 190

00 180 I=FIRST,LAST

IP = IPFLI,IT)

0DT(I) = DUDT(IP)

RHM = DDT(I}/RM(I)

RHT = -DUDM(I)

HIIP) = SQRTIRHT#N24RHMN2)/BE(I)IWNTFL
THLMR = 2, #OMEGA®LAMBDA-(OMEGAXRM(T ) )un2
RHOIPL = RHOIP%(1.-PLOSIM(I))

LER(1) = &

DENSTY CALL NO. &

RHOTEM=RHOCIP)

HWTEM=H(IP)

CALL DENSTY(NTEM,RHOTEM,ANS, THLMR,CPTIP, EXPON,RHOIPL,GAM, AR, TIP,

JZ)
RHOUIP)=RHOTEM
HOIP)I=WTEM
H(IP) = ANS
WIP(I) = WUIP)
BETA(IP) = ATAN2(RNT,RNM)¥57.295779

180 CONTINUE

VELTA110
VELTAT 11
VELTAt12
VELTA113
VELTAt14
VELTA11S
VELTA116
VELTAY7
VELTA118
VELTAI1Y
VELTA120
VELTAI21
VELTAt22
VELTA123
VELTAt264
VELTA2S
VELTA126
VELTA127
VELTA128
VELTA129
VELTA130
VELTA1}Y
VELTA132
VELTA'33
VELTA134
VELTA135
VELTA136
VELTA137
VELTA138
VELTA139
VELTA140
VELTAVA)
VELTAlG2
VELTA143
VELTAt44
VELTA145
VELTA146
VELTA147
VELTA148
VELTAI4Y
VELTA!50
VELTA151
VELTAtS52
VELTA153
VELTA154
VELTA153
VELTA1S6
VELTA157
VELTA158
VELTA159
VELTA160
VELTA161
VELTAYI62
VELTA163
VELTAt6A
VELTAt6S
VELTA166
VELTA167
VELTAt68
VELTA169

IF
CAL
CAL
Do
piy
SBE

(IEND.LT.0) GO TO 190

L SPLINE (SPHUIM1),DDTC(INMI),HNSP,DUDTHIIMY },ARALINE))
L SPLINE (SPHUINI),NIP{IM1),HNSP,DHDM(IMI),AAACINY))
185 I=FIRST,LAST

= IPF(I,IT)

TA = SIN(BETA({IP)/57.295779)

CBETA B SQRT(1.-SBETA®»*2)

1

AAP

BeP

LIP) = SBETA®*2#[2,%DUDTM{I)/DUDRII)-DUDTIIP)/DUDHL Y yau2n
DUDHM(I)-DUDTT(IP)/DUDT(IP) }+SALIT)*SBETA/CBETAM({ 1. +CBETANN2)
(IP) = RM(I)/CBETA#(2.%ACTOMG#SAL(X)+SBETA*DROM(I)/REDFAC}

185 CONTINUE
190 CONTINUE

IF

(INT.NE.MM) GO TO 20

200 IT = ITH1
‘60 TO 10

END
SUBI

ROUTINE SEARCH (DIST,SURF,1S)

c
C SEARCH LOCATES THE POSITION OF A GIVEN VALUE OF M IN THE MH ARRAY

c

COMMON NREAD,NWRIT,ITER,IEND,LER{2),NER(2)

COMMON /CALCON/ ACTHWT,ACTOMG»ACTLAN,MBIMY,MBIP1,MBOM1,HBOP!, MY,

NOWMEP EN -

INTI

HM1,HT,OTLR,OMLR,PITCH,CP,EXPON, THW,CPTIP, TGROG, TBI, T8O, THL,
WI,HMI,WCRE, ITMIN, ITMAX,NIP,INS1,IHS2,XHS(2),BV(2),MLE(2),
THLE(2),RMI{2),RHO(2),BESP(50),MV(100),RM(100),BE(100),
BEF(100),DBOM( 100),DBFOM{ $00),5AL(100),PLOSINI100),AAA(100),
BBB(100),IV(101),1TV(100,2),TV(100,2),DTOMV(100,2),
BETAV(100,2),MH(100,2),DTOMH(100,2),BETAH(100,2),RMH{100,2),
BEH(100,2),PLOSHH(100,2)

EGER BLDAT,AANDK,ERSOR,STRFN,SLCRD » SURVL,AATENP, SURF,FIRST,
UPPER,$1,ST

REAL K,KAK, LAMBDA, LMAX,HH,MLE ;MR ,MSL,HSP, MV, HVIN]

00
IF
15
RET

10 I=1,100
CABS{MH(I,SURF)-DIST).GT.OMLR) GO TO 10
=1

URN

10 CONTINUE

HRI
ST0

TE(NWRIT,1000) DIST,SURF
P

VELTA170
VELTA17Y

VELTAI72
VELTA173
VELTAt74
VELTA175
VELTA176
VELTA177
VELTA178
VELTA179
VELTA180
VELTA181
VELTA182
VELTA183
VELTA184
VELTA185
SEARCH
SEARCH
SEARCH
SEARCH
SEARCH
SEARCH
SEARCH
SEARCH
SEARCHIO
SEARCH11

SEARCHI2
SEARCH13
SEARCHt4
SEARCHIS
SEARCH16
SEARCHI7
SEARCH1&
SEARCH19
SEARCH20
SEARCH21

SEARCH22
SEARCH23
SEARCH24

VPNV SN

1000 FORMAT (38HL SEARCH CANNOT FIND M IN THE MH ARRAY/7H DIST =,G14.6,SEARCH25
110X,6HSURF =,614.6)

END

SUBROUTINE STRLIN

[
C STRLIN CALCULATES, PRINTS, AND PLOTS THE STREAMLINE OUTPUT DATA

c

COMMON NREAD,NWRIT,LITER,IEND,LERC2),NER(2)
COMMON /INPUTT/ GAM,AR,TIP,RHOIP,NTFL,0MEGA,ORF,BETAI,BETAD,

1
2
3
4
5

RPN,

COMHON /CALCON/ ACTWT,ACTONGACTLAM,MBINI,MBIP1,HBONL,HBOPT, MY,

LAMBDA,RVTHO,REDFAC,DENTOL,FSHI, FSMO, SSH?, S5H2, MBI, MBO, MM,
NBBI,NBL,NRSP,MOPT, LOPT,LRYB,BLDAT, AANDK , ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORDL2),5TGR(2),R1(2),R0(2),BETI(2),BETO(2),
NSPI(2),TITLEI(20),MR(50),RMSP(50),BESPF(50),HORCR(50),
PLOSS(50),MSP(50,2), THSP{50,2]

HM1 ,HT,BTLR,DMLR, PITCH,CP, EXPON, THW,CPTIR, TGROG, TBI, TRO, THL,
WI,WHI,WCRI, ITHIN, ITMAX,NIP,IM51,IMS2,IM5(2),BV(2),HLE(2),
THLE(2),RHI(2),RMO(2),BESPI50),HVI100),RM(100),BE(100),
BEF(100),DBDM(100),DBFOM(100),SAL{100),PLOSIN(100),AAA(100),
BBB(1003,IV(101),ITV(100,2),TV(500,2),DTDHV(100,2),
BETAV(100,2),MH(100,2),DTDMH1100,2),BETAHC100,2),RIMH{100,2},

SEARCH26
SEARCHZ7
STRLIN 2
STRLIN 3
STRLIN 4
STRLIN 5
STRLIN 6
STRLIN 7
STRLIN 8
STRLIN 9
STRLINTIO
STRLINT®
STRLINI2
STRLINT3
STRLINI4
STRLINIS
STRLIN1S
STRLIN1?
STRLINIS
STRLIN1®



08T

c
c
c

o0

0o

7  BEH(100,2),PLOSHMH(100,2)

COMMON /SLCOM/ USL{100,11),TSL(100,11%)

LEVEL 2, USL,TSL

COMMON /PLTCOM/ TSLPT(1100},XD0NN(400),YACROS(400)
LEVEL 2, TSLPT,XDOWN,YACROS

COMMON /DUM1/ MSL(100)

LEVEL 2, HMSL

DIMENSION DTDM(100),D2TOM2(100),KKK(241,P(11)
INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATENMP,SURF,FIRST,
1 UPPER,S1,ST

REAL K,KAK,LAMBDA, LHAX,MH,MLE, MR, MSL,MSP, MV, MVIMI

STRLIN2O
STRLIN21
STRLIN22
STRLINZ3
STRLIN2G
STRLIN2B
STRLIN26
STRLIN27
STRLIN28
STRLIN29
STRLIN3O

DATA KKK(4)/Z1H%/,KKK(6)/1H*/ ,KKKLB)/1H*/ ,KKKL10 )/ TH®/ ,KKKT 12 )/ 1H®R/STRLINSY

1 JKKK{16G)/1H%/ KKK (16 )/1H#/,KKK(18}/1H#/ KKK 20)/1H®/,
2 KKK{22)/1H®/,KKK(2G4)/1H"/

CALCULATE AND PRINT STREAMLINE OUTPUT DATA

IF (SLCRD.LE.D) RETURN
NSL = 5
MMBL = MBO-MBI+1
RADDEG = 180./3.1415927
IF {REDFAC.LT.t.) WRITE(NWRIT,1000)
IF (REDFAC.EQ.f.) WRITE(NWRIT,1010)
DO 70 J=1,NSL
TSLTEM=TSL(MBI,J}
CALL SPLINE(MV{(MBI),TSLTEM,MMBL,DTDM(MBI),D2TDM2(MBI))
TSL{MBI,J)=TSLTEM
WRITE(NHRIT,1020) J
DO 40 IM=1,MBIMt
40 WRITE(NWRIT,1030) IM,MVIIM),RHUIINI,USLIIN,J),TSLIIM,J)
b0 50 IM=MBI,HBO
BETASL = ATAN{RH(IM)*DTDM(IM))*RADDEG
CURVSL = (RHM(IM)%*D2TDM2{ IM)+SALCIM)*DTDH(IM) )/ (1. +(RM{IN}»
1 DTOMUIM))%x2)xnt 5
IF (DTDM{IM).NE.O.) DTDMN=-1./RMUIM}¥*2/DTOM(IM)
IF (DTOM(IM).EQ.0.) DTOHMN=1.E10
50 WRITE(NWRIT,1040) IM,HV(IM),RM(IM},USL(IM,J),TSLEIN,J),DTOMCIM),
1 DTOMN,BETASL, CURVSL
00 60 IM=MBOP1,MM
60 WRITE{NWRIT,1030) IM,MV(IM),RM(IM),USLUIN,J),TSLIIN,J)
70 CONTINUE

PLOT STREAMLINES

KKK(§) = 7
KKKL12) = NSL
KKK(3) = HM
P(Y) = 1.,
Pt3) = 0.
P(4) = 0.

D0 80 IM=1,MM

80 MSLOIM} = MVIIM)
IF (REDFAC.LT.1.) WRITE{NWRIT,1050)
IF (REDFAC.EQ.1.) WRITE(NWRIT,1060)
CALL PLOTHMY(MSL,TSLPT,KKK,P)
WRITE(NKWRIT,1070)
RETURN

FORMAT STATEMENTS

STRLIN32
STRLIN33
STRLIN34
STRLIN3S
STRLIN3S
STRLINI?
STRLIN3S
STRLIN3S
STRLINGO
STRLING1
STRLING2
STRLINGI
STRLIN44
STRLINGS
STRLINGG
STRLING?
STRLINGS
STRLING?
STRLINSO
STRLIN5Y
STRLIN52
STRLIN53
STRLINSG
STRLINSS
STRLINS6
STRLINS7
STRLIN5S
STRLINSY
STRLINGO
STRLINGI
STRLING2
STRLING3
STRLINGG
STRLINGS
STRLING6
STRLING7
STRLINGS
STRLINGY
STRLIN70
STRLIN71
STRLIN72
STR' IN73
STRI IN74
STRLIN7S
STRLIN76
STRLIMN7?
STRLIN?8
STRLINY?

o0o0On0

o0o

o000

0o

1000 FORMAT ¢ 1Ht,2X,44HSTREAMLINE COORDINATES FOR REDUCED MASS FLOHW)

1010 FORMAT (1H1,2X,41HSTREAMLINE COORDINATES FOR FULL MASS FLOW)

1020 FORMAT (////6X,14HSTREAMLINE NO.,I3,23H
1 8X,2HIM,8X» 1HM, 14X, THR» 13X, 3HUSL, 12X, 3HTSL, 12X, 4HDTOM, 10X,
2  SHOTDHN, 10X,6HBETASL, 9%, 6HCURVSL)

1030 FORMAT (7X,I3,2615.5,3X,F7.3,5%X,615.5)

1040 FORMAT (7X,13,2615.5,3X,F7.3,5X,3615.5,3X,F7.2,5X,615.5)

1050 FORMAT (1H{,50X,38HSTREAMLINE PLOTS FOR REDUCED MASS FLOW)

1060 FORMAT {1H1,50X,35HSTREAMLINE PLOTS FOR FULL MASS FLOW)

1070 FORMAT (
1PAGE AND M DOWN THE PAGE)
END
SUBROUTINE OUTPUT

OUTPUT CALLS SUBROUTINES TO CALCULATE DENSITIES AND VELOCITIES
THROUGHOUT THE REGION AND ON THE BLADE SURFACES, AND IT PLOTS
THE SURFACE VELOCITIES

DIMENSION PRES(100,2),PRATIO(100,2),XVDIM(100),CPT(100,2)
COMMON NREAD,NWRIT,ITER,IEHD,LER(2),NER(2)

COMMON /IMPUTT/ GAM,AR,TIP,RHOIP,WTFL,0MEGA,ORF,BETAI,BETAO,

1 LAMBDA,RVTHD,REDFAC,DENTOL, FSHI, FSMO,§5M1,55M2 MBI, MRO, MM,
2 NBBI,NBL,NRSP,MOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRD,
3 INTVL,SURVL,CHORD(2),STGR{2),RI(2),R0(2),BETL(2),BETO(2),

4 NSPI(2),TITLEI(20),MR(50),RMSP(50),BESPF(50),HONCR{50),

5 PLOSS{50),M5P(50,2),THSP(50,2)

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIMI,MBIPY,HBOMY,MBOPYMHMT,

HM1,HT,DTLR,DMLR, PITCH,CP,EXPON, THW,CPTIP, TGROG, TBI, TBO, THL,
WI,WHI,HCRI, ITMIN, ITMAX,NIP,IMS1,IM52,IM5(2),BV(2),MLE(2),
THLE(2),RHI(2),RMO(2),BESP(50),MV(100),RM(100),BE(100),
BEF(100),DBDM( 100 ),DBFDM(100),SAL(100),PLOSIM(100),AAAL100),
B8BB(100),IV(101),ITV(100,2),TV{100,2),DTOMV(100,2),
BETAV(100,2),8H(100,2),DTOMH(100,2),BETAH(100,2),RHHI100,2),
BEH(100,2),PLOSMH(100,2)

~N O -

COMMON /VARCOM/ RHOHB(100,2),RHOVB(100,2),KHMB(100,2),HTB(100,2),

1 WHCRM(100,2),LABEL(1,100)

COMHMON /PLTCOM/ TSLPT(1100),XDONNI400)},YACROS(400)

LEVEL 2, TSLPT,XDOWN,YACROS

DIMENSION KKK{14)

DIMENSION P(11)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP,SURF,FIRST,
1 UPPER,S51,ST

REAL K,KAK,LAMBDA, LMAX,MH,MLE,MR,HMSL,MSP, MV, HVIMI

DATA KKK(4)/1H*/,KKK(6)/1HO/ ,KKK(8)/1H*/,KKK{10}/1HX/

CALL VELP, VELB, AND VELSUR THROUGHOUT THE REGION

IF (INTVL.GT.0) CALL VELP(1,MBIM1)
CALL VELB{MBI,MBO)

20 IF (INTVL.GT.D) CALL VELP(MBOP1,MM)
CALL VELSUR

PREPARE INPUT ARRAYS FOR PiDT OF VELOCITIES

IF (SURVL.LE.G) RETURN
NP2 = 0

TANGENTIAL COMPONENTS
00 50 SURF=1,2
NPt = NP2

- WITHIN BLADE REGION//

/40X, 70HSTREAMLINES ARE PLOTTED HITH THETA ACROSS THE

STRLINSO
STRLINSY
STRLING2
STRLINSX
STRLINGG
STRLINGS
STRLINBG
STRLINB?
STRLINGS
STRLINSY
STRLIN9O
STRLINGY
OUTPUT
OUTPUT
QUTPRUT
ouTPUT
QUTPUT
QuUTPUT
QUTPUT
OUTPUT
OUTPUT1D
QUTPUTIt
QUTPUTH2
QUTPUT13
OUTPUT14
OUTPUT15
OUTPUT16
OUTPUTI7
QUTPUT18
OUTPUTI9
QUTPUT20
oUTPUT21
QUTPUTC2
oUTPUT23
OUTPUT24
QUTPUTR2S
OUTPUT26
QUTPUTR27
OUTPUT28
OUTPUTZY9
OUTPUT30
OUTPUT3I
oUTPUTI2
QUTPUT33
OUTPUT34
OUTPUT35
OUTPUT 36
QUTPUT3?
OUTPUT38
OUTPUT39
QUTPUT4O
QUTPUTAI
QUTPUTG2
OQUTPUTH3
OUTPUT44
OUTPUT45
QUTPUT46
OUTPUT47
QUTFUT48
OUTPUTG9

VONCTVD WD
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oo

o000

IMSS = INS{SURF)
IF (IMSS.LT.1) GO TO 40
DO 30 IHS=1,IHSS
1IF (ABS{DTDMH(IHS,SURF )#RMH{ IHS,SURF)).LT..57735) GO TO 30
NP3 = NPt+]
YACROS(NPt) B WTB(IHS,SURF)
XDOWHINPT) = MH{IHS,SURF)
30 CONTINUE
40 KKK(2#SURF#1) = NPt-NP2
50 NP2 = NPY

MERIDIONAL COMPONENTS
DO 80 SURF=1,2
NP3 = NP2
00 60 IM=MBIP1,MBON?
IF (ABS{DTDMV{IM,SURF)*RMIIN)).GT.1.7321) GO TO 60
NP1 = NP1#{ -
YACROS(HP1) = WMB(IH,SURF)
XDOWN(NP1) = MVIIN)

60 CONTINUE

70 KKK(2%SURF+5) = NP1-NP2

80 NP2 = NP\

PLOT VELOCITIES

KK1
KK2

KKK(3)
KKK(5)
KK3 = KKK(7)
KK& = KKK(9)
IF (BLDAT.GE.2) CALL VEPLOT(KK?,KK2,KK3,KK4)
KKK(1) = 1
KKKE2) = 4
PL1) 5.
IF (REDFAC.LT.1.) WRITE(NWRIT,1000)
IF {REDFAC.EQ.1.) HRITE(NWRIT,1020)
CALL PLOTHY(XDONN,YACROS,KKK,P)
HRITE(NWRIT,1010)
PTOTAL = RHOIP®AR®TIP
DD 90 IS= 1,2
PRESIN = PTOTAL
DO 90 IM = MBI,MBO
XVOIH(IM)=MV(IM)/ZHV(MBO)
THLMI B 2,%0MEGA®LAMBDA - (OMEGA¥RM(IM))n®2
PRES{IM,IS) = PTOTAL®(1.-PLOSIMCIM))I®(1.-(WMBLIM,IS)nu2¢THLMI)/
1 CPTIP)#*(GAH/(GAM-1.))
PRATIO(IM,IS)=PRES(IM,IS)/PRESIN
CPT(IN,IS)=PRATIO(IM,IS)-1.
CONTINUE
IF(REDFAC.LT.S.) WRITE (NWRIT,998)
IF(REDFAC.EQ.1.) WRITE (NWRIT,999)
WRITE(6,1100)
0O 91 IN @ MBI,HBO
HRITE (6,1001)IH,MV(IM},XYDIM(IM},PRATIO(IN,),PRATIO(IN,2),CPT(
1I4,11,CPT(IN,2)
91 CONTINUE
MB2=HBI+1
IND=MBI+MBO
IF (IEND.LE.Q) RETURN
WRITE (9,1003) TITLEX
WRITE {9,1002) (XVDIM(IMD-IM),IM=MBI,MBO),(XVDIM(IM),IN=1B2,MBO)

9

QUTPUTS0
QUTPUTSI
OUTPUT52
OUTPUTS3
OUTPUT54
QUTFU155
OUTPUTSG
QUTPUT57
QUTPUTSS
QUTPUTS9
QUTPUTEO
OUTPUTE!
QUTPUTS2
QUTPUT63
QUTPUT6G
OUTPUT6S
OUTPUT6S
CUTPUT67
QUTPUT6S
OUTPUTE9
QUTPUT70
QUTPUT?
OUTPUT72
OUTPUT73
QUTPUT74
QUTPUT75
QUTPUT76
QUTPUT?7
QUTPUT78
OUTPUTT®
OUTPUTSO
ouTRUTEI
QuTPUTA2
ouUTPUTS3
OUTPUTSS
QUTPUTES
oUTPUTSS
OUTPUTB7
OUTPUTSS
OUTPUTSS
OUTPUT90
OUTPUTS
QuUTPUT92
OUTPUT93
OUTPUT94
OUTPUTSS
OUTPUT9S
QUTPUT97
QUTPUT98
QUTPUT99
QUTPU100
QuTPUIOY
OUTPUIOR
OUTPUI103
OUTPU104
OUTPU10S
OUTPUL06
ouTPU10?
OUTFU108
OUTPU109

c
c
c

OO0

o000

WRITE (9,1002) (
( CPT(IM,1),1IN=MB2,MBO)

CPT(IND-IN,2},IM=HBI,HBO),

DUTPUIIO
OUTPUT Y

1
998 FORMAT (1H1,50X,47HBLADE SURFACE PRESSURES FOR REDUCED WEIGHT FLOHOUTPU1I12

QUTPU1I13

999 FORMAT {1H!1,50X,44HBLADE SURFACE PRESSURES FOR FULL WEIGHT FLOK /)OUTPUI14

1100 FORMAT (1H ,7X,3HIM ,8X,7H H 18X 7H  H/ZMC
18X, 7HP( 2)/PT,8X, 7HCPT(1) ,8X%,7HCPT(2) ,/)

1001 FORMAT(5X,15,6(6X,610.4))

1002 FORMAT (8F10.6)

1003 FORMAT (20A4)
RETURN

18X, THRPU1)/PT,

FORMAT STATEMENTS

QUTPU11S
OUTPUL16
ouTPUIT?
OUTPUI18
OUTPUt19
0UTPU120
0UTPU1I 21
QUTPU122
ouTPU123

1000 FORMAT(H1,50%48HBLADE SURFACE VELOCITIES FOR REDUCED WEIGHT FLOWIOUTPUIZ24

1010 FORMAT ( 39X

1(H) DOKN THE PAGE //

2  52X,50H+ - BLADE SURFACE 1, BASED ON MERIDIONAL COMPONENT/

3 52X,50H* - BLADE SURFACE 1, BASED ON TANGENTIAL COHPONENT/

4  52X,50HX - BLADE SURFACE 2, BASED ON MERIDIONAL COMPONENT/

5 52X,50H0 - BLADE SURFACE 2, BASED ON TANGENTIAL COMPONENT)
1020 FORMAT(1H1,50X,45HBLADE SURFACE VELOCITIES FOR FULL HEIGHT FLOW)

END

SUBROUTINE VEL (FIRST,LAST)

VEL CALCULATES DENSITIES AND VELOCITIES FROM THE PRODUCT OF
DENSITY TIMES VELOCITY

COMMOH NREAD,NWRIT,ITER,IEND,LER(2),NER(2)

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,MTFL,0HEGA,ORF,BETAI,BETAO,
LAMBDA,RVTHO,REDFAC,DENTOL, FSHI, FSM0D, SSM1 , 5SM2,MBI,HBO, MM,
NBBI,NBL,NRSP,HOPT, LOPT,LRVB,BLDAT,AANDK,ERSOR, STRFN, SLCRD,
INTVL,SURVL,CHORD(2),5TGR(2),RI(2),R0{2),BETI(2),BETO(2),
NSPX(2),TITLEI(20),MR(50),RMSP(50),BESPF(50),HONCR(50),
PLOSS(50),M5P(50,2), THSP(50,2)

VA uin -

COMMON /CALCON/ ACTHT,ACTOMG,ACTLAM,HBIM1,MBIP1,HBOM1,HBOPT, MMM,

HM1,HT,DTLR,DMLR, PITCH,CP,EXPON, THH,CPTIP, TGROG, TBI,TBO, THL,
WI,HHI,WCRI, ITMIN, ITMAX,NIP,INS1,INS2,INS(2),BV(2),HLE(2),
THLE(2),RMI(2),RMO(2),BESP(50),HV(100),RM(100},BE(100),
BEF(100),DBDM(100),DBFDM(100),SAL(100),PLOSIMI100),AAAL100),
BBB{100),IVL101),ITV{100,2),TV{100,2),DTOMV(100,2),
BETAV(100,2),MH(100,2),0TDMH(100,2),BETAH(100,2),RMH{100,2),
BEH(100,2),PLOSMH{100,2)

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RH0(2500)

LEVEL 2, A,U,K,RHO

COMMON /VARCOM/ RHOHB(100,2),RHOVB(100,2),NMB(100,2),KTB(100,2),

1 WWCRM(100,2),LABELEY,100)

DIMENSION W(2500),BETA{2500),BUDT(2500),DUDTT(2500),AAP(2500),

1 BBP12500)

LEVEL 2, HW,BETA,DUDT,DUDTT,AAP,BBP

EQUIVALENCE (A,H},{Al1,2),BETA),(A(1,3),DUDT),(A(1,4),0UDTT),

1 (K,AAP), (RHO,BBP)

DIMENSION HWCRT(100,2),SURFL(100,2)

NP NN -

VELP WRITES QUTPUT ALONG VERTICAL MESH LINES WHICH DO NOT
INTERSECT BLADES

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP, SURF,FIRST,
! UPPER,S1,S5T
REAL K,KAK,LAMBDA,LHAX,MH,MLE,HR,HSL,H5P, MV, HVIM]

»63HVELOCITY(KW) VS. MERIDIONAL STREAMLINE DISTANCEOUTPU125

QUTPUL26
ouTPUI27
QUTPU1ZB
OUTPU129
OUTPU1 30
ouTPUI Y
OUTPUt32
VEL 2
VEL 3
VEL 4
VEL 5
VEL 6
VEL 7
VEL 8
VEL 9
VEL 10
VEL 1t
VEL 12
VEL 13
VEL 14
VEL 15
VEL 16
VEL 17
VEL 18
VEL 19
VEL 20
YEL 2t
VEL 22
VEL ¢

VEL 26
VEL 25
VEL

VEL 27
VEL 28
VEL 29
VEL 30
VEL 3
VEL 32
VEL 33
VEL 34
VEL 35
VEL 36
VEL 37
VEL 38
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20

DATA REDFUL/7HREDUCED/»FULL/6H FULL/
ENTRY VELP

IF (REDFAC.EQ.1) REDFUL=FULL

IF (FIRST.GT.LAST) RETURN

1F (FIRST.EQ.1) WRITE(HWRIT,1000) REDFUL
DO 20 INM=FIRST,LAST

IPU = IViIN)

IPL = IPU*NBBI-1

WRITE(HWRIT,1010) IM,(W(IP),BETACIP);IP=IPU,IPL)
CONTINUE

RETURN

c
C VELB CALCULATES ALONG VERTICAL MESH LINES WHICH INTERSECT BLADES
c

30

ENTRY VELB

IF (FIRST.GT.LAST) RETURN
IF (FIRST.NE.MBIJ) GO TO 30
RELER = O,

RELERA = 0.

ZMREL
IMREL
ITREL
ISREL
ICOUNT = 0

SURFLIMBI,1} = 0.

SURFL(MBI,2) B 0.

DO 75 IM=FIRST,LAST

ITVU 8 ITV(IM,1)

ITVL B ITV(IM,2)

IPUP1 = IPF(INM,1TVU}

IPLHMt = IPFLIM,ITVL)

THLMR = 2, #OMEGA*LAMBDA-(OMEGA®RMUIN) Jnx2
HCR = SGRT(TGROGHTIPH(1.-THLMR/CPTIP))

IF (ITYL.LT.ITVU} GO TO 50

CR-N-N-]

C ALONG THE LINE BETWEEN BLADES

C ON
50

c

60

65
C ON

IF (INTVL.LE.0) GO TO 50

WRITE(NWRIT,1010) IM,(H(IP),BETACIP),IP=IPUP!,IPLHI}
THE UPPER SURFACE

RHOB = RHOVB(IM,1)

RHOIPL = RHOIP#{1.-PLOSIM(IM))

LER(1) = 7

DENSTY CALL NO. 7

CALL DENSTY{WMB(IM,1),RHOVB{IM,1),ANS,THLHR,CPTIP,EXPON,RHOIPL,
1 GAM, AR, TIP,JZ)

HHB(IM,1) = ANS

WHCRH(IH 1) = WHMBOIN, 1 )I/KCR

IF (IM.EQ.HMBI) GO TO 60

DELTY B TV(IM-1,1)-TV(IN,Y)

SURFL(IM,1) = SURFL{IM-1,1)+SQRTU(MVIIM}-HV(IM-1))nn2+
t (DELTV#(RMIIM)+RH(IM-1))1/2.1u%2)

ERR = ABS({RHOB-RHOVB(IM,1))/RHOVB(IN,1))

RELER = AMAX1(RELER,ERR)

RELERA = RELERA*ERR

IF (RELER.NE.ERR) GO TO 65

IMREL = IM

ISREL 1

ZHREL = MV(IM)

IF (ERR.GE.DENTOL) ICOUNT=ICOUNT*1
THE LOWER SURFACE

RHOB = RHOVB(IM,2)

VEL
VEL
VEL
VEL
VEL
VEL
YEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
YEL
VEL
VEL
VEL
VEL

c

C VELSUR CALCULATES WHERE HORIZONTAL MESH LINES INTERSECT THE BLADES

c

c
c
c

RHOIPL = RHOIP®*(1.-PLOSIM(INM))
LER(1) = &
DEHSTY CALL ND. 8
CALL DENSTY(WNMB{IM,2),RHOVB(IM,2),ANS, THLMR,CPTIP,EXPON,RHOIPL,
1 GAM, AR, TIP,JZ)
WHB(IM,2) = ANS
WHCAMIN,2) = HWHB(IM,2)/KCR
IF (IM.EQ.MBI) GO TO 70
DELTV = TV(IM-1,2)-TV(IN,2)
SURFL{IM,2) = SURFLIIM-1,2)¢SQRTU(MVIIM)-MVIIM-1))nx2+
1 (DELTVHIRM{IM)+RMEIN-1))/2, ynn2)
70 ERR = ABS({RHOB-RHOVB(IM,2)}/RHOVB(IM,2))
RELER = AMAX1(RELER,ERR)
RELERA = RELERA+ERR
IF (RELER.NE.ERR) GO TG 75
IHREL M
ISREL 2
ZMREL = MV(IN)
75 IF (ERR.GE.DENTOL} ICOUNT=ICOUNT+{
RETURN

ENTRY VELSUR

ITERMX = 10

DO 90 SURF=1{,2

IMSS = IMS(SURF)

IF (IMSS.EQ.0) GO TQ 90

DO 80 IHS=1,IMSS

THLMR = 2.%0OMEGA*LAMBDA-(OHEGAXRHH(IHS,SURF ) )#%u2
HCR = SQRT(TGROGNTIPH(1.-TWLMR/CPTIP))

RHOB = RHOHB(IHS,SURF)

RHOIPL = RHOIP%(1.-PLOSMH(IHS,SURF))

LER(1) = 9

DENSTY CALL NO. 9

CALL DENSTY(WTB(IKS,SURF),RHOHB{ IHS,SURF),ANS,THLHR,CPTIP,
1 EXPON,RHOIPL,GAM, AR, TIP,JZ)

HTB(TIHS,SURF) = ANS

HHCRT{INS,SURF) = WTBIIHS,SURF)I/ZHCR

ERR B ARS{ (RHOB-RHOHB( IHS, SURF))/RHOHB(IHS,SURF))
RELER = AMAX1{(RELER,ERR)

RELERA = RELERA*ERR

IF (RELER.NE.ERR) GO TO 80

IMREL = O

IF (SURF.EQ.1) CALL BL1(MH{IHS,SURF),THET,DTDM,INF)
IF (SURF.EQ.2) CALL BL2(MH{IHS,SURF),THET,DTOM,INF])
ITREL = THET/HT+SIGN(.1,THET)

ISREL = SURF

ZMREL = MH(IHNS,SURF)

80 IF {ERR.GE.DENTOL) ICOUNT=ICOUNT+1

90 CONTINUE
IF (RELER.LT.DENTOL.OR.ITER.GE.ITERMX) IEND=IENDH{
RELERA = RELERA/FLOAT(2#(MBO-MBI+1)+IMS(11+INS(2))

VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL

VEL-

VEL

VEL-

VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL
VEL

WRITE{NWRIT,1080) ITER,RELER,IMREL,ITREL,ISREL,ZMREL,RELERA,ICOUNTVEL

WRITE ALL BLADE SURFACE VELOCITIES

IF {SURVL.LE.O) RETURN
WRITE (NWRIT,1020) REDFUL
HRITE(HHRIT,1040) (MV(IM)},WHMB(IM,1),BETAV(IM,1),SURFL{IM,1),

VEL
VEL
VEL
VEL
VEL
VEL

99
100
10%
102
103
1064
105
106
107
108
109
110
11
1
113
114
1s
116
1z
118
19
120
21
122
123
124
125
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158



€8T

c
c
c

o000

t  WWCRM(IM,1),KMB(IM,2),BETAV(IM,2),SURFL(IM,2),KHCRHM(INM,2), VEL 159

2  IM=MBI,MBO) VEL 160
KRITE (NMRIT,1050) REDFUL VEL 181

DO 100 SURF=1,2 VEL 162
INSS = INS(SURF) VEL 163

IF (IMS5.LT.1) GO TO 100 VEL 164
HRITE(NWRIT,1060) SURF VEL 165
WRITE{NWRIT,1070) (MH(IHS,SURF),NTB(IHS,SURF),BETAH{IHS,SURF), VEL 166

1 WHRCRT(IHS,SURF), IHS=1,IHSS) VEL 167

100 CONTINUE VEL 168
RETURN VEL 169

VEL 170

FORMAT STATEMENTS YEL 1
VEL t72

1000 FORMAT(1H1/40X,3GHVELOCITIES AT INTERIOR MESH POINTS/45X, VEL 173
1 GHFOR ,A8, 1 THHEIGHT FLOW) VEL 174
1010 FORMAT(1HL,3HIN=,13,5(26H VELOCITY  ANGLE(DEG))/ VEL 175
t(5X,5(615.4,F9.2))} VEL 176
1020 FORMAT(1H1/16X, 1H*,18X,52HSURFACE VELCCITIES BASED ON MERIDIONAL EVEL 177
10MPONENTS - ,A8,1VHHEIGHT FLOM, 18X, tHe/16X, 1H#, 53X, {H*,53X,1H»/  VEL 178

2 16X, 1H%, 19X, 15HBLADE SURFACE 1,19X,1H%,20X,15HBLADE SURFACE 2, VEL 179

3 18X, 1H#/7X, 1HM,8X, 1H#, 2( 3X, BHVELOCITY, 3X, 23HANGLE(DEG) SURF. LEVEL 180
4NGTH »5X, 5HH/HCR ,6X, 1H®) ) VEL 181
1040 FORMAT((tH ,613.4,3H #,2(G12.4,F9.2,2G15.4,3H %))) VEL 182
1050 FORMAT{1H1/3X,49HSURFACE VELOCITIES BASED ON TANGENTIAL COMPONENTSVEL 183
1 /18X, A8, 1 THREIGHT FLOW) VEL 184
1060 FORMAT{//22X,15HBLADE SURFACE ,I1/7X,1HM,10X,8HVELOCITY,3X, 10HANGVEL 185
{LE(DEG), 3X,5HH/HCR) VEL 186
1070 FORMAT{1H ,2G613.4,F9.2,615.4) VEL 187
1080 FORMAT (///5%,14HITERATION NO.,I4/5X,60HMAXIMUM RELATIVE CHANGE IVEL 188
IN DENSITY AT BLADE SURFACE POINTS =,G11.4,104 AT IM =,13, VEL 189
28H4, IT =,13,i04, SURF =,12,7H, M =,611.4/5X,60HAVERAGE RELATVEL 190
3IVE CHANGE IN DENSITY AT BLADE SURFACE POINTS =,G1t.4/5X,469HNUMBERVEL 191

4 OF UNCONVERGED BLADE SURFACE MESH POINTS =,I4) VEL 192
END VEL 193
SUBROUTINE TVELCY TVELCY 2
TVELCY 3

TYELCY SOLVES THE FULL MASS FLOW PROBLEM BY OBTAINING A TVELCY &
VELOCITY GRADIENT SOLUTION ALONG EACH VERTICAL MESH LINE TVELCY 3
TVELCY 6

COMMON NREAD,MNWRIT,ITER,IEND,LER(2),NER(2) TVELCY 7
COMMON /INPUTT/ GAM,AR,TIP,RHOIP,WTFL,0MEGA,ORF,BETAI,BETAD, TVELCY 8

H LAMBDA,RVTHO,REDFAC,DENTOL , FSHI, FSMO, SSM1, S5H2, MBI ,HDO, MM, TVELCY ®

2  NBBI,NBL,NRSP,HMOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRD, TVELCYIO

3 INTVL,SURVL,CHORD(2},5TGR(2),RI{2),R0(2),BETI(2),BETO(2), TVELCY1

4  NSPI(2),TITLEI(20),HR(50),RMSP(501},BESPF{501,NOKCR(50), TVELCY1R

5 PLDSS(50),H5P(50,2),THSP(50,2) TVELCY13
COMMON /CALCON/ ACTHT,ACTOMG,ACTLAM,MBIM1,HBIP],HBOMI,MBOPY,HHMT, TVELCY14

1 HM1,HT,DTLR,DMLR,PITCH,CP,EXPON, THW,CPTIP, TGROG, TBX,TBO, THL,  TVELCY1S

2 HWI,WMI,HCRI,ITHIN,1THAX,NIP,IMS1,IMS2,IMS{2),BV(2),HLE(2), TVELCY1S

3 THLE(2),RMI(2),RMO(2),BESP(50),MV(100),RM(100),BEL100), TVELCYI?

4 BEF(100),0BDM(100),DBFDH(100),SAL(100),PLOSIM(100),AAA(100), TVELCY1®

S BBB(100),IV(101),1TV(100,2),TY(100,2),DTONV(100,:2), TVELCY19

6 BETAV{100,2),MH(100,2),DTDMH(100,2),BETAR(100,2),RMH(100,2),  TVELCYRO

7 BEH(100,21,PLOSMH(100,2) TVELCY21
COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RH012500) TVELCY22
LEVEL 2, A,U,K,RHO TVELCY23
COMMON /YARCOM/ RHOHB(100,2),RHOVB(100,2),KMB(100,2),HTB(100,2), TVELCY24

1 WHCRME100,2),LABEL(1,100) TVELCY25
COMMON /PLTCOM/ TSLPT{(1100),XDOWN(400),YACROS(400} TVELCY26

o000

o000

oo0o0

o000

[

c
c

CA

10
20
30

40

LEVEL 2, TSLPT,XDOWN,YACROS

DIMENSIOH W(2500),BETA(2500),0UDT(2500),DUDTTI2500),AAP(2500),
1 BBR(2500)

LEVEL 2, W,BETA,DUDT,DUDTT,AAP,BBP

EQUIVALENCE (A,W),(A(1,2),BETA),(A(1,3),0UDT),(A(1,4),DUDTT),
1 (K;AAP}, (RHO,BBP)

DIMENSION KKK{14)

DIMENSION P(11)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEHP, SURF, SURFBY,
1FIRST,UPFER,UPPRBV,S1,ST

REAL K,KAK, LAMBDA, LMAX,MH,MLE ,MR,HSL,MSP,MV,HVIN?

LL VELGRP AND VELGRB THROUGHOUT THE SOLUTION REGION

LAMBEDA @ ACTLAM

IF (INTVL.GT.0) WRITE(NWRIT,1000)
IF (1.GT.MBIM1) GO TO 20

DO 10 IM=t,MBIMY

CALL VELGRP(IM)

DO 30 IM=MBIP1,MBOMt

CALL VELGRB(IM)

IF {MBOP1.GT.HHM} GO TO 50

DO 40 IM=MBOPI,MN

CALL VELGRP(IM)

FIX VELOCITIES ON LEADING AND TRAILING EDGE LINES

50

56

56

FIRST = IV(MBI)

LAST = IV(HBIP1)-1
DO 54 I=FIRST,LAST
W{I) = W(I)/REDFAC
FIRST = IV(HBO)

LAST = IV(MBOPY)-1
DO 56 I=FIRST,LAST
W(I) = W(I}/REDFAC

WRITE SURFACE VELOCITIES

IF (SURVL.LE.O0) RETURN

HRITE(NKRIT,1010)
WRITE(NWRIT,1020)(MV(IM},HMBOIM, 1), HHCRMOIM, 13, LABEL(Y,IH),
1 HWMB(IH,2),HHCRMIIM, 2), LABEL(1,IN),IN=MBIPT,HBOHT )

PREPARE ARRAYS FOR PLOT OF SURFACE VELOCITIES

60

0O 60 IM=MBIPt,MBOMI
I @ IN-MBI

I2 = I+MBONt-MBX
XDOWN(I) & HV(IM)
YACROSII) B WMB(IM,1)

YACROS(12) = WNMB(IM,2)
KKK(1) = 0

KKK(2) = 2

KKK{3) = HMBOM1-MBI
Pt1) 1.

PLOT SURFACE VELOCITIES

IF (BLDAT.GE.2) CALL TVPLOT
WRITE(HHRIT,1030)

TVELCY2?
TVELCY28
TVELCYZ9
TVELCY30
TVELCY3!
TVELCY32
TVELCY33
TVELCY34
TVELCY3S
TVELCY36
TVELCY3?
TVELCY38
TVELCY39
TVELCY40
TVELCYGt
TVELCY42
TVELCY43
TVELCY44
TVELCY45
TVELCYs6
TVELCY47
TVELCY48
TVELCY49
TVELCY50
TVELCY5H
TVELCYS2
TVELCYE3
TVELCY54
TVELCY55
TVELCY56
TVELCY57
TYELCY58
TVELCY59
TVELCY6O
TVELCYS1
TVELCY62
TVELCY63
TVELCY64
TVELCY6S
TVELCY66
TVELCY6?7
TVELCY6S
TVELCY69
TVELCY70
TVELCY??
TVELCY72
TVELCY73
TVELCY7%
TVELCY?5
TVELCY76
TVELCY?7
TVELCY78
TVELCY79
TVELCYAD
TVELCY&!

TVELCYa&2
TVELCYAS
TVELCY84
TVELCY85
TVELCY86
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CALL PLOTHY {XDOMWN,YACROS,KKK,P}
WRITE(NKRIT,1040)
RETURN

c
C FORMAT STATEMENTS
c
1000 FORMAT(1H1/40X,34HVELOCITIES AT INTERIOR MESH POINTS/44X,
1 27H(BASED ON FULL WEIGHT FLOW))

TVELCY&8?
TVELCY88
TVELCYB?
TVELCY90
TVELCY 91
TVELCY92
TVELCYS3
TVELCY94

1010 FORMAT(1HI/16X,1H*,13X,68HSURFACE VELOCITIES BASED ON MERIDIONAL CTVELCY9S
1DMPONENTS - FULL WEIGHT FLOW,30X, JH%/16X, 1H%,55%, 1H%,55%, I1H%/16X, TVELCYI6
21H%,20X, 15HBLADE SURFACE 1,20X, 1H%,20X,15HBLADE SURFACE 2,20X,1H*/TVELCY9?

37Xy THM, 8X, TH#, 2( 3X, BHVELOCITY, 6X, SHH/HCR, 33X, 1H*))
1020 FORMAT((1X,613.4,3H %,2(2613.4,A8,21X,1H%)))

TVELCY98
TVELCY99

1030 FORMAT(1H1,51X,24HBLADE SURFACE VELOCITIES/51X,27H(BASED ON FULL WTVELC100

tEIGHT FLOW))

TVELC1OI

1040 FORMAT(39X,63HVELOCITY(H) VS. MERIDIONAL STREAMLINE DISTANCE(M) DOTVELC102
1WN THE PAGE//52X,19H% - BLADE SURFACE 1/52X,19H+ - BLADE SURFACE 2TVELC103

2)

END

SUBROUTINE VELGRA (IM)

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2)

COMMON /INPUTT/ GAM,AR,TIP,RHOIP,WTFL,0MEGA,ORF,BETAI,BETAO,
LAMBDA ,RVTHO,REDFAC,DENTOL, FSMI, FSMO,S5M1,5SM2, MBI, HBO, MM,

NBBI,NBL,NRSP,HOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRO,

NSPI(2),TITLEI(20),MR(50),RMSP(50),BESPF(50),HOKCR{50),

1
2
3 INTVL,SURVL,CHORD(2),STGR(2),RI(2),RO(2},BETI(2),BETO(2),
4
5 PLOSS(50),M5P(50,2),THSP(50,2)

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBXM1,HBIPI,MROM1,MBOPY,MMM1,
HHY,HT,DTLR,DMLR,PITCH,CP,EXPON, TWH,CPTIP, TGROG, TBI,TBO, THL,

WI,HMI,HCRI, ITHIN, ITHAX,NIP,IMS1,INS2,IMS(2),BV(2),HLE(2),
THLE(2),RMI(2),RMO0(2),BESP(50),MY{100),RH{100),BE(100},

BBB(100),IV(101),ITV(100,2),TV(100,2),DTDMV(100,2},

NP UEHN -

BEH{100,2),PLOSHKH(100,2)
COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RHO{2500)
LEVEL 2, A,U,K,RHO

BEF(100),080M(100),DBFDM(100),SALI100),PLOSIM(100]},AAA(TO0),

BETAV(100,2),MH(100,2),0TDMH(100,2),BETAH(100,2),RMH(100,2),

c
C VELGRP SOLVES IN THE PERIODIC REGION
c

COMMON /VARCOM/ RHOHB{(100,2),RHOVB(100,2),RMB{100,2),KTB(100,2),
1 KWWCRM(100,2),LABEL(1,100)

COMMON /BCDCOM/ INIT(2),EM(50,2),D2TDM2(100,2)

DIMENSION W(2500),BETA{2500),DUDT(2500),DUDTT(2500),AAP(2500),
1 BBP(2500)

EQUIVALENCE (A,W),tA(1,2),BETA),(A(1,3),0UDT),(A(Y,4),DUDTT),

1 (K»AAP), (RHO,BBP)

ODIMENSION WGRAD(51),THETA(51),RHCB(51),CBETA(S1),A2(5%),B2(51)
INTEGER BLDAT,AANDK,ERS0R,STRFN,3LLRD, SURVL ; AATENP, SURF , SURFBY,
1FIRST,UPPER,UPPRBY,S1,ST,CHOKED, BLANK

REAL K,KAK,LAMBDA, LMAX,MH,HLE,MR,HSL,MSP,MV,HVIMI

DATA CHOKED/6HCHOKED/,BLARK/1H /

ENTRY VELGRP

ACRB = .

IP = IVLIM)

WGRAD(1) B8 W(IP)/REDFAC

IT1 = ITVIIM, 1)
IT = 1T

NSP = NBBI+!
G0 TO 10

TVELC106
TVELC105
VELGRA
VELGRA
VELGRA
VELGRA
VELGRA
VELGRA
VELGRA
VELGRA
VELGRA10
VELGRA1Y
VELGRA12
VELGRA13
VELGRA4
VELGRA1S
VELGRA16
VELGRA17
VELGRA18
VELGRA19
VELGRA20
VELGRAZ2}
VELGRA22
VELGRA23
VELGRA24
VELGRA2S
VELGRA26
VELGRA27
VELGRA20
VELGRA29
VELGRA3O0
VELGRAS!
VELGRA32
VELGRA33
VELGRA34
VELGRA3S
VELGRA36
VELGRA3?
VELGRA3S
VELGRA39
VELGRA4O
VELGRAG1
VELGRA42

VO NTWP W

c
C VELGRB SOLVES IN THE BLADE REGION
[

ENTRY VELGRB

IP = IV(IM)-t

WGRAD(1) = WHB{IM,1)/REDFAC
NSP B IVIIM#1)-IV(IM)+2

AORB = 2.
IT1 = ITV(IM,Y)
IT = IT1%

10 NSPH! B NSP-1
LABEL(1,IM) @ BLANK
TORSAL = 2.¥ACTOMG*RM{IM)#SALIIM)
JZ =1
IF (IM.GE.IMS1.AND.IM.LE.IM52) JZ=2
THLMR = 2.*ACTOMG#LAMBDA-(ACTOMG*RM(IM) ) %2
HCR = SQRT(TGROGHTIP*{1.-TWLMR/CPTIP))
DELMAX = WCR/ 10.
TOLERC = HCR/ 100.
DO 20 I=t,NSPMI
CBETA(I) = COS(BETA(IP)/57.295779)
THETA(I) = HT¥FLOAT(IT)
A2(I) = AAP(IP)
82(1) = BBP{IP)
IT B ITH
20 IP B IP+t
CBETA(NSP) = CBETA(1)}
A2(NSP) = A2(1)
B2(NSP) = B2(t)
THETA(NSP) = HT*FLOAT(IT)
IF (AORB.LE.t.) GO TO 30
CBETALT) = 1,./SQRTC1., +(RH(IMIMDTOMV(IM, 1) 3%n2]
SBETA1 = SGRT(1.~CBETA(1)%#2)%¥SIGN(1.,DTOMV(IM,1))
A2{1) = (RMCIM)¥CBETA(1))%#2#D2TDH2(IM,1)+SALI IM)XSBETAY/
1 CBETA(1)%{ 1 +CBETA(1)%x2)
B2(1) = B2(2)*TORSAL®(1,/CBETA(1)-1./CBETA(2)}
THETA(t) = TV(IM, 1)
CBETA(NSP) B 1./SGRT(1.+{RM(IM)*DTOMV(IM,2))un2)
SBETAN = SQRT(!.-CBETAINSP)*M#2)}uSIGNLY.,DTDNVIIN,2))
A2(NSP) = (RH{IM)XCBETA(NSP))%%*2#D2TDM2(IM,2)+SALIIM)I*SBETAN/
1 CBETA(NSP)#( 1. +CBETA(NSP)®%2)
B2(NSP) = B2(NSPHM1)+TORSAL*(1./CBETA(NSP)-1./CBETA(NSPM1))
THETA(NSP) = TV(IM,2)
30 IND = 1
40 CONTINUE
DD 50 I52,NSP
WAS = HWGRAD(I-1)+(A2(I-1)%WGRADI(I-1)+B2(I-1))u(THETALTI)~
1 THETACI-1))
HWASS = WGRAD(I-11+(A2(I)*#WAS+B2(I))#(THETA(I)-THETA(I-1))
50 WGRAD{I) = (HAS*WASS)/2.
D0 60 I=1,NSP
TTIP = 1.-(WGRAD(XI)%*2+THLMR)/CPTIP
IF {TTIP.GE..0) GO 7O S5
HRITE(NWRIT,1010) IM
IF (AORB.GT.1.) WGRAD{1) B 0.
IF {AORS.GT.1.) WGRAD(NSP) = 0.
GO TO 70
55 RHOT = RHOIP*(t.-PLOSIM(IM))*TTIPR®EXPON
60 RWCB(I) = RHOT#WGRAD( I)*CBETA(I)
CALL INTGRL (THETA,RWCB,NSP,AAA)

VELGRAG3
VELGRAGGH
VELGRAGS
VELGRA46
VELGRAGT
VELGRA4S
VELGRAG9
VELGRAS50
VELGRAS?

VELGRA52
VELGRAS53
VELGRAS4
VELGRASLS
YELGRAS6
YELGRAS7
VELGRAS8
VELGRAS9
VELGRAGO
VELGRAG1

YELGRA62
VELGRA63
VELGRAGG
VELGRA65
YELGRA66
VELGRAG67
VELGRA68
VELGRA69
VELGRA70
VELGRAZ1
VELGRA72
VELGRA73
VELGRA74
VELGRA75
VELGRA76
VELGRA77
VELGRA78
YELGRA79
VELGRA80
YELGRABY
VELGRAB2
VELGRAB3
VELGRADG
YELGRABS
VELGRASS
VELGRA87
YELGRABS
VELGRAB9
VELGRA90
VELGRA91

VELGRA92
VELGRA93
VELGRA9G
VELGRA9S
VELGRA%6
VELGRA9?
VELGRA98
VELGRA99
VELGR100
VELGRIDY

VELGR102
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65
70

8

o

HTFLES = BEFUIM)*RMUIM)AAAALHSP)

IF (IND.GE.6.AND.ABS(ACTHT-WTFLES).LE.ACTHT/1.E5) GO TO 70
CALL COMTIN (WZRAD(1),HTFLES,IND,JZ,ACTHT,DELMAX)

IF (IND.LT.10) GO TO 40

AA = WTFLES/ACTHT

IF (IND.EQ.10) WRITE(NWRIT,1030) IM,AR,IM

IF (IND.EQ.10) GO TO 65
WRITE(NWRIT,1020) IM

IF {AORB.GT.1.) WGRAD(Y) =
IF {AORB.GT.t.) KGRADINSP)
G0 TO 70

LABEL(1,IM} = CHOKED
CONTINUE

FIRST =1

IF (AORB.GT.%.) FIRST g 2
LAST = NSPMI

0.
= 0.

IF (INTVL.GT.Q) WRITE(NWRIT,1000) IM,IT1,(WGRAD(I),I=FIRST,LAST)

IP = IV(IM)-1

D0 80 I=FIRST,LAST

IP & IP#t

RUIP} = WGRAD(I}

IF (AORB.LE.1.) RETURN
HHMB(IM,1) #1 WGRAD(1)
HIBIIH,2) = WGRADINSP}
WHCRM(IM, 1) = WHB(IM,1}/KCR
WWCRH(IM,2) = WHB(IM,2)/HCR
RETURN

c
C FORMAT STATEMENTS
c

1000

1010 FORMAT (734K A VELOCITY GRADIENT SOLUTION CANNOT BE OBTAINED FOR

1

1020 FORMAT(92HK A VELOCITY GRADIENT SOLUTION COULD NOT BE OBTAINED IN

FORMAT(SHKIM =,13,10%,5HIT1 =,13/(2X,10613.4)}
VERTICAL LINE IM =,13)

50 ITERATIONS FOR VERTICAL LINE IM =,13)

VELGR103
VELGR104
VELGR10S
VELGR106
VELGR107
VELGR108
VELGR109
VELGRI10
VELGR111
VELGR112
VELGR113
VELGRI14
VELGR115
VELGR116
VELGR117
YELGRI18
VELGR119
VELGR120
VELGR121
VELGR122
VELGR123
VELGR124
VELGR125
VELGR126
VELGR127
VELGR128
VELGR129
VELGR130
VELGR1 31
VELGR132
VELGR133
VELGR134
VELGR135
VELGR136
VELGR137

1030 FORHATI43HLACTHT EXCEEDS CHOKING WEIGHT FLOW FOR IM =,13/22HKCHOKIVELGR138

c
C BLC
c

HG WEIGHT FLOW =,F6.3,3X,32H OF ACTUAL WEIGHT FLOW FOR IM =

END
SUBROUTINE BLCD (M,THETA,DTOM, INF)

D CALCULATES BLADE THETA COORDINATE AS A FUNCTION OF M

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2]

COMMON /INPUTT/ GAM,AR,TIP,RHDIP,WTFL,0OMEGA,ORF,BETAT,BETAOQ,

LAHBDA,RYTHO,REDFAC,DENTOL, FSMI, FSMO,SSH1,5S5H2,HBT,MBO, MM,
NBBI,NBL,HRSP,HMOPT,LOPT,LRVB,BLDAT,AANDK,ERSOR,STRFN,SLCRD,

1
2
3
4
5

COMMON /CALCON/ ACTWT,ACTOMG,ACTLAM,MBIHY,MBIPY,MBOMI,MBOPY,MMMI,
HM1,HT,BTLR,DHLR, PITCH, CP, EXPON, THW,CPTIP, TGROG, TBT, TBO, THL
WI,HMI,HCRI,ITMIN, ITHAX,N1P,INS1,INS2,IMS(2),BV(2),MLE(2),

~NON UL E W) -

INTVL,SURVL,CHORD(2),5TGR(2),RI(21,R0(2),BETI(2),BETO(2),
NSPI(2),TITLEI(20),HMR(50),RMSP(50),BESPF{50),HOHCR(50),
PLOSS(50),MSP(50,2),THSP{50,2)

THLE(2),RHI{2),RMO(2),BESP(501,MV(100),RM(100),BE(100),

BEF(100),DBDM(100),DEFDH(100),SALI100),PLOSIMI100},AAAC100),

BBB(100),IV(101),ITV(100,2),TV(100,2),DTOMV(100,2),

BETAV(100,2),MH(100,2),DTDMH(100,2),BETAH100,2),RHH(100,2),

BEH(100,2),PLOSMH(100,2)

COMMON /BCDCOM/ INIT(2),EM(50,2),D2TDH2(100,2)
DIMENSION DTDMI(2),DTDMOC2)

VELGR139
VELGR140
BLCO 2
BLCD 3
BLCD 4
BtCO 5
BLCO &
BLCD 7
BLCD 8
BLCD 9
BLCD 10
BLCO 11
BLCD 12
BLCO 13
BLCD 14
BLCD 15
BLCD 16
BLCD 17
8Lco  t8
BLCD 19
BLCD 20
BLCD 21
BLCD 22
BLCD 23

o0

oon

BL1 SOLVES FOR BLADE SURFACE 1

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATENP,SURF,FIRST,
! UFPER,S1,5T

REAL K,KAK,LAHMRDA, LMAX,IH,HLE ,MR,HSL,MSP,MV,HVIMN]

REAL M,rMMLE.NSPHH,MMHSP

ENTRY BLI

SURF = 1

BL2 SOLVES FOR BLADE SURFACE 2

ENTRY BL2
SURF= 2
SIGN =-1.
10 INF = 0
M=t
DO 15 I=MBI,MBO
15 IF (ABS(MV(I)-M).LE.OMLR) IM=I
NSP = NSPI(SURF)
IF (INIT(SURF).EQ.t1) GO TO 30
INIT{SURF) = t

INITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS ON BLADE

AA 7 BETI(SURF)/57.295779
AA = SINCAA)
M5P11,SURF) = RI(SURF)*{1.-SIGN*AA)
BB = SQRT(1.-AA#x2)
THSPU1,SURF) = SIGH*BBXRI(SURF)/RMI{SURF}
OTDMI{SURF) = AA/BB/RMI{SURF)
AA = BETO(SURF)/57.295779
AA = SIH{AA}
HMSP{NSP,SURF) = CHORD!SURF)-RO{SURF )%{ 1. +SIGN*AA)
BB = SQRT{1.-AA¥%2)
THSP(NSP,SURF ) & STGR{SURF )*SIGN*BB*RO( SURF )/RHO( SURF)
DTDMO(SURF) = AA/BB/RHOUSURF)
DO 20 IA=1,NSP
MSP(IA,SURF) = MSP(IA,SURF)+HLE(SURF)
20 THSP(IA,SURF) = THSP(IA,SURF)*THLE(SURF)
CALL SPLISL(MSP(1,SURF),THSP{1,SURF),NSP,DTDMI(SURF),0TDHO(SURF),
1 AAALEMU1,SURF 1)

1

IF (BLOAT.LE.0) GO TO 30

GO TO 5000

IF (SURF.EQ.1) WRITE(NWRIT,1000)
HRITE{HHRIT,1010) SURF

BLCD
BLCD
BLCD
BLCcD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCO
BLCOD
BLCD
BLCD
BLCD
BLCD
BLCD
8LCD
BLCD
BLCD
BLCD
BLCD
8LCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCO
BLCD
BLCD
BLCD
BLCO
BLCO
BLCD
BLCD
BLCD
eLcp
BLCO
BLCD
BLCD
BLCD

WRITE({HWRIT,1020) (HSPUIA,SURF),THSP(IA,SURF),AAA{IA),EM(IA,SURF),BLCD

IA=1,NSP)

5000 CONTIMUE

c
C BLADE COORDINATE CALCULATION
c

30 KK = 2

IF (H.GT.HSP(1,SURF1) GO TO 50

C
'C AT LEADING EDGE RADIUS

c

MMLE = H-MLE(SURF)
IF (MMUE.LT.-DMLR) GO TO 90

BLCD
BLCD
BLCD
BLCD
BLco
BLCD
BLCOD
BLCO
BLCD
BLCD
BLCD
BLCD
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aao

aa

40

MHLE = AMAX1(0.,MIILE)

THETA = SGRT(MMLE®(Z.*RI(SURF )-MMLE))*SIGH

IF tTHETA.€Q.0.) GO TO 40

RMM = RI(SURF)-MMLE

DTOM B RMM/THETA/FNMI(SURF)

THETA = THETA/RHI{SURF)

D2TDM2(IM,SURF} = (-~-THETA-RMMSDTDH)/(RHI(SURF)#THETA )ux2
THETA = THETA+THLE(SURF)

RETURN
INF B 1
DTOH = 1.EV0*SIGN
THETA = THLE(SURF)

D2TDM2(IM,SURF) = 0.
RETURN

ALONG SPLINE CURVE

50

60

AT

7

a0

IF (M.LE.MSP(KK,SURF)) GO TO 60

IF (KK.GE.NSP) GO TO 70

KK = KK*+1

GO TO 50

S = NMSPIKK,SURF)-N5PtKK-1,SURF)

EMKM1 = EM{KK-1,SURF)

EMK B EM(KK,SURF)

MSPHM B MSP(KK,SURF)-H

MMMSP B M-MSP(KK-1,SURF)

THK = THSP(KK,SURF)/S

THKM1 = THSP{KK-1,SURF)/S

THETA = EMKMI#MSPHM*®3/6./S+EMK*MMMSP##3/6./S+{ THK-EMK¥S5/6, )%
1 MMMSP ¢+ ( THKMt-EMKM!%S/6. }¥HSPMM

DTOM = -EMKMI*HSPHMe®2/2 . /SHEMKRHMHSPHR2/2 . /S+ THK-THKMY - ( EMK -
1 EMKHT I#5/6.
D2TDM2(IM,SURF) =
RETURN

EMKM I XHSPHMM/S+EHMK*HMMSP/S

TRAILING EDGE RADIUS

CHMM B CHORD(SURF )+MLE( SURF)-M

IF (CMM.LT.-DMLR) GO TO 90

CHMM = AMAX1(0.,CHM)

THETA = SQRT(CHM#(2.%RO(SURF )-CMH))#SIGN
IF (THETA.EQ.0.) GO TO 80

RMM B RO(SURF)-CMH

DTOM = -RHM/THETA/RMO(SURF)

THETA = THETA/RMO(SURF)

D2TOM2(IM,SURF) = (-THETA*RMH¥DTDM)/(RMO(SURF J®THETA )%®2
THETA = THETA+STGR(SURF )*+THLE(SURF)
RETURN

INF = 1

0TOM = -1_E10%SIGH

THETA B THLE(SURF }+STGR(SURF)
027TDM2(IM,SURF) = 0.

RETURN

ERROR RETURH

90

WRITE(NWRIT,1030) LER(2),M,SURF
STOP

FOPMAT STATEMENTS

eLco
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
8Lco
8Lco
8LCD
BLCD
BLCD
aLco
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
8LCO
eLco
BLCD
BLCD
BLCD
BLCD
B1CD
BLCD
BLCO
sLCoO
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
8LCcd
BLCO
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
8LCO
BLCO
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD
BLCD

[

[z XeNsNaNgNel

c

1000
1010

1020 FORMAT (7X ,1HN,10X,54THETA, 10X, {OHDERIVATIVE,5X, 10H2ND DERIV. /

FORMAT (1H1,13X,33HBLADE DATA AT IMPUT SPLINE POINTS)
FORMAT{1HL , 17X, 16HBLADE SURFACE, 14)

{ 14615.5) )

eLco
BLCD
BLcD
BLCD
BLCD

1030 FORMAT (14HLBLCD CALL NO.,I3/33H M COORDINATE IS NOT WITHIN BLADE/BLCD

MHORIZ CALCULATES M COORDINATES OF INTERSECTIONS OF ALL HORIZOWTAL

HME

KODE =

KO

10

20

30

40

50

14H M =,614.6,10X,6HSURF =,G14.6)
EHD

SUEROUTINE MHORIZ(MV,ITV,BL,MBI,HBO,ITO,HT,DTLR,KODE,J,MH,DTDMH,

tHRTS)

SH LINES WITH A BLADE SURFACE
= 0 FOR UPPER BLADE SURFACE

DE = 1 FOR LOWER BLADE SURFACE

COMMON NREAD,NWRIT,ITER,IEND,LERIR2),NER(2)

DIMENSION MV{100),ITV(100),MH(100),DTOMH(100)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP,SURF,FIRST,

1 UPPER,S1,ST

REAL K,KAK,LAMBDA, LMAX,MH,MLE ,MR,MSL,MSP, MV, HVIMT ,HVIN

EXTERNAL BL

If (HBI.GE.MBO) RETURN

IM = MBI

ITIND B O

IF (ITVCIM#1)-ITV(IM)-ITIND) 30,40,50

J = JH

TI 8 FLOATCITV(IM*1)}-ITO-ITIND+KODE )*HT

ITIND = ITIND-1

MVIM = HV(IN)

IF {MRTS.EQ. 1) MVIH=MVIM+{HV({IM+1)-MYIMIZ1000,

CALL ROOT (MVIM,HV(IM*{),TI,BL,0TLR,MH(J),DTDHH(J))

GD TO 20

IM = IMHf

MRTS = 0

If (IM.EQ.MBO) RETURN

GO TO 10

J = J4

TI = FLOAT(ITV(IM)-ITO+ITIND+KODE )*HT

ITIND = ITIND*{

MVIM = MVIM)

IF (MRTS.EQ.1) MVIM=MVIM*(MV(IM+t)-MVIM)I/1000.

CALL ROOT(MVIM,MV(IM#1),TI,BL,DTLR,MH(J),DTDMH(J))

GO TO 20

EHD

SUBROUTINE ROOT(A,B,Y,FUNCT,TOLERY,X,DFX)

C ROOT FINDS A ROOT FOR (FUNCT MIMUS Y) IN THE INTERVAL (A,B)

o

COMMON NREAD,NWRIT,ITER,IEND,LER(2),NER(2)
IEPR = 0

IF (IERR.EQ.1) WRITE(NWRIT,1010) A,B,Y,TOLERY
Xt = A

CALL FUNCT(X1,FX1,DFX,INF)

FX1S = FXt

DFXS = DFX

IF (IERP.EQ.1) WRITE(MWRIT,1020) X{1,FX1,DFX,INF
X2 =B

Do 30 I=1.20

X = (X1+%2)1/72.

BLCO
BLCD

MHORIZ
MHORIZ
MHCRIZ
HHORIZ
HMHORIZ
MHORIZ
HHORIZ
MHNORIZ

144
145
146
147
148
149
150
1514

VONOUV S W

HHORIZ1O
MHORIZ11
HHORIZ12
MHORIZ13
MHORIZ14
HHORIZI5
HHORIZ16
HMHORIZ17
MHORIZ18
MHORIZ19
HMHORIZ20
MHORIZ21
HHORIZ22
MHORIZ23
MHORIZ24
MHORIZ2S5
HHORIZ26
MHORIZZ7
MHORIZ28
MHORIZ29
HHORIZ30
MHORIZ31
MHORIZ32
MIORIZ33
HHORIZ34
MHCRIZ35
MHORIZ36
MHORIZ3?
MHORIZ38

ROOT
RQOT
ROOT
ROOT
ROOT
ROOT
ROOT
ROOT
ROOT
RODT
ROOT
ROOT
ROOT
ROOT
ROOT
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20

30

40

CALL FUNCT(X,FX.DFX,INF)

IF (IERR.EG.1} WRITE(MNKRIT,1020) X,FX,DFX,INF
IF ((FX1-Y)%(FX~Y).GT.0.) GO TO 20

X2 = X

GO TO 30

X1 =X

FX! B FX

CONTINUE

IF (ABS(Y-FX).LT,TOLERY) RETURN

IF (ABS{Y-FX1S).GT.1.2#TOLERY) GO TO 40
X = A

DFX = DFXS

RETURN

X=8

CALL FUNCT(X,FX,DFX,INF)

IF (ABS(Y-FX).LE.{1.2%TOLERY) RETURN

IF (IERR.EQ.1) RETURN

HRITE(HWRIT,1000)

IERR = 1

GO TO0 5

c
C FORMAT STATEMENTS

[
1000 FORMAT(72HIROOT HAS FAILED TO LOCATE A ROOT IN THE INTERVAL (A,B)

1010 FORMATt22H RODT ARGUMENTS -- A =,613.5,3X,3HB =,613.5,3X,3HY =,
1613.5,3%,8HTOLERY =,613.5/16X, 1HX, 17X, 2HFX, 15X, 3HOFX, 10X, IHINF )

IN 20 ITERATIONS}

1020 FORMAT(8X,616.5,2618.5,16)

o000

t

END

ROY 17
ROOT 18
ROOT 19
RODT 20
ROOT 21
ROOT 22
ROOT 23
ROOT 24
ROOT 25
ROOT 26
ROOT 27
ROOT 28
ROOT 29
RODT 30
ROOT 31
ROOT 32
RODY 33
ROOT 34
ROOT 35
ROOT 3%
ROOT 37
ROOT 38
ROOT 39
RDOT 40
ROOT 4t
ROOT 42
ROOT 43
RDOT 44
ROOT 45

SUBROUTINE DENSTY(RHOM,RHO,VEL,THLMR,CPTIP,EXPON,RHOIP,GAH, AR, TIP,DENSTY

JZ)

DENSITY TIMES VELOCITY

10

20

25

30

COMMON NREAD ,NWRIT,ITER,IEND, LER(2),NER(2}
VEL = RHOW/RHO

IF (VEL.NE.C.) GG TO 10

RHO = RHOIP*(1.-TWLMR/CPTIP)*®EXPON

TTIP = {.-{VEL#¥2+TKLHR)/CPTIP

IF (TTIP.LT.0.) GO TO 30

IF (LER(1).GT.5) GO TOD 25

TEMP = TTIP#®(EXPON-1.)

RHOT = RHOIP#TEMP*TTIP

RHORP = -VEL®#2/GAMYRHOIP/AR%TEMP/TIP$RHOT
IF (JZ.EQ.1.AND.RHOWP.LE.0.) GO TO 30

IF (JZ.EQ.2.AND.RHORP.GE.0.) GO TO 30
VELNEW = VEL+(RHOW-RHOTHVEL )/RHOKP

VELNER = ABS(VELNEW!

IF {ABS{VELNEW-VEL)/VELNEW.LT..0001) GO TO 20

2
3
a
DENSTY CALCULATES DENSITY AND VELOCITY FROM THE WEIGHT FLOW PARAMETERDENSTY 5
[}
7
]
9

VEL = VELNEW

GO TO 10

VEL = VELNEW

RHO = RHOW/VEL

RETURN

RHO = RHOIPHTTIP#sEXPON
RETURN

TGROG B 2.¥GAM®AR/(GAM*Y.)
VEL = SQRT(TGROGXTIPx(1.-THLMR/CPTIP)})
RHO = RHOIP®(1.-{VEL®X2+TKLHR )/CPTIP)**EXPON

DENSTY
DENSTY

DENSTY

DENSTY

DENSTY

DEHSTY

DENSTY1O
DEHSTY1
DEHSTY13
DEHSTY &
DENSTY1S
DENSTY 16
DENSTYt?7
DEHSTY18
DENSTY19
DEHSTY20
DENSTY21
DEHSTY22
DENSTY23
DENSTY24
DENSTY2S
DENSTY26
DENSTY27
DENSTY28
DENSTY29
DENSTY30
DENSTY3H
DENSTY32
DENSTY33}

RHIMORH = RHOW/RHO/VEL

40

1000 FORMAT(16HLDENSTY CALL NO.,I3/9H NER(1) =,I3/10H RHOWK IS5 ,F7.4,

IF
NER
WRI
IF

(RHNMORW.LT.1.) GO TO 40

(1) = NER(1}#}

TE(HIRIT,1000) LER(1),NER(1),RHMORK
(NER(1).EQ.50) STOP

RETURH

IF
IF
GO

(JZ.EQ.1) VEL=0.
(JZ.EQ.2) YEL=VEL®1.}
TO 10

13¢H TIMES THE MAXIMUM VALUE FOR RHO*R}

NS W -

END
FUHI

COHMON /CALCON/ ACTWT,ACTOMG,ACTLAM,HMBINM},MBIPY,MBOMY ,MBOPY,MHMY,
HM1 ,HT,DTLR,DMLR, PITCH,CP,EXPON, THH,CPTIP, TGROG, TBI, TBO, THL»

IPF
RET!

CTION IPF(IM,IT)

WI,HMI,HCRI, ITMIN, ITMAX,NIP, IMS1,INS2,INS(2),BV(2),HLE(2),
THLE(2),RHI{2),RND12),BESP(50),MV{100),RM(100),BEC100),

BEF(100),DBDM(100),DBFDM(100),SALI100),PLOSIN(100),AAA(100),

BBS(100),IV(101),ITV(100,2),TV{100,2),DTOHV(100,2),

BETAV(I100,2),MH1100,2),DTDMH1100,2),BETAHL100,2),RHHL100,2),

BEH(100,2),PLOSMH(100,2)
= IVIIMM*IT-ITVIIM, 1)
URN

END
SUBROUTIHE CONTIN{XEST,YCALC,IND,JZ,YGIV,XDEL)

c
C--CONTIN CALCULATES AN ESTIMATE OF THE RELATIVE FLOW VELOCITY
C--FOR USE IN THE VELOCITY GRADIENT EQUATION

c

DIMENSION X(3),Y(3)
NCALL = NCALL*1

IF (IND.NE.1.AHD.NCALL.GT.100} GO TO 160
60 TO (10,30,40,50,60,110,150),IND
C--FIRST CALL
10 KCALL = 1
XORIG = XEST
IF (YCALC.GT.YGIV.AND.JZ.EQ.1) GO TO 20
IND = 2
Y{1) = YCALC
X(t) = 0.
XEST B XEST+XDEL
RETURN
20 IMD = 3
Y(3) = YCALC
Xt3) = 0.
XEST = XEST-XDEL
RETURN
C-~SECOND CALL
30 IND = &

40

Y(2) @ YCALC

Xt2) = XEST-XORIG
XEST = XEST+XDEL
RETURN

IND = 5

Y(e) =
X{2) = XEST-XORIG

YCALC

XEST = XEST-XDEL

RETURN

C -- THIRD OR LATER CALL - FIND SUBSONIC OR SUPERSONIC SOLUTION
50 Y(3) = YCALC

DENSTY3&4
DENSTY35
DENSTY36
DENSTY37
DEHSTY38
DENSTY39
DENS5TY40
DENSTY4L
DENSTY42
DENSTY43
DENSTY4G
DENSTY45
1PF
1PF
IPF
IPF
IpF
1PF
IPF
1PF
1PF 10
1PF 1"
IPF 12
IPF 13
CONTIN 2
CONTIN 3
CONTIN 4
CONTIN &
CONTIN &
CONTIN 7
CONTIN 8
CONTIN 9
COHTINIO
CONTINIY
CONTINIZ
CONTINI3
CONTINtG
CONTINIS
CONTINtG
CONTINI7
COHTINIB
CONTIN19
CONTIN20
CONTIN2Y
CONTIN22
CONTINZY
CONTIN24
CONTINZE
CONTIN26
CONTINZ?
CONTIN2®
COHTIN29
CONTIN3O
CONTINIY
CONTIN32
CONTIN33
CONTIN3G
CONTIN3S
CONTIN36
CONTIN3Z

- RN T ]
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X(3) = XEST-XORIG
G0 7070
60 Y(1) = YCALC
X(1) = XEST-XORIG
70 IF (YGIV.LT.AMINTLY(1),Y(2),Y(3}}) GO TO (120,130),JZ
80 IND = 6
CALL PABC{X,Y,APA,BPB,CPC)
DISCR = BPB#*2-4 ®APA®{CPC-YGIV)
IF (DISCR.LT.0.) GO TO 140
IF (ABS(400.*APAX(CPC-YGIV)).LE.BPB**2) GO TO 90
XEST B -BPB-SIGH{ SQRTIDISCR),APA)
IF (JZ.EQ.1.AND.APA.GT.0. .AND.Y(3}.6T.Y(1)) XEST = -BPB*
1SQRT(DISCR)
IF (JZ.EQ.2.AND.APA.LT.0.) XEST = -BPB-SQRT(DISCR)
XEST = XEST/2./APA
60 TO 100
90 IF (JZ.EQ.2.AND.BFB.GT.0.) GO TO 130
ACB2 B APA/BPB*(CPC-YGIV)/BPB
IF {ABS{ACB2).LE.1.E-8) ACB2=0.
XEST = =(CPC-YGIV)/BPB¥(1.+ACB2+2. #ACB2##2)
100 IF {XEST.GT.X(3)) GO TO 130
IF (XEST.LT.X{1)) GO TO t20
XEST = XEST+XORIG
RETURN
C--FOURTH OR LATER CALL - NOT CHOKEDR
110 IF(XEST-XORIG.GT.X(3)) GO TO 130
IF(XEST-XORIG.LT.X{1)) GO TO 120
Y(2) = YCALC
X(2) = XEST-XORIG
G0 7O 70
C--THIRD OR LATER CALL - SOLUTION EXISTS,
C--BUT RIGHT OR LEFT SHIFT REQUIRED
120 IND = 5
C--LEFT SHIFT
XEST = X(1)-XDEL+XORIG
XOSHFT = XEST-XORIG

XORIG = XEST
Y(3) B Y(2}
X(3) = X(2)-XOSHFT
Y(2) = Yti)
X(2) = X(1)-XOSHFT
RETURN

130 IND = 4

C--RIGHT SHIFT
XEST B X(3)+XDEL+XORIG
XOSHFT = XEST-XORIG

XORIG = XEST

Y(1) B Y(2)

XU4) = Xi{2)-XOSHFT
Y(2) = Y(3)

X(2) = X{3)~XOSHFT
RETURN

C--THIRD OR LATER CALL - APPEARS TO BE CHOKED
140 XEST B -BPB/2./APA
IND = 7
IF (XEST.LT.X(1)) GO TO 120
IF(XEST.GT.X(3)) GO TO 130
XEST = XEST*XORIG
RETURN
C--FOURTH OR LATER CALL - PROBABLY CHOKED

CONTIN3S
COHTIN39
CONTINGD
CONTINGI

CONTIN42

CONTING3
CONTINGG
CONTINGS
CONTINGS

CONTING7
COHNTINGS
CONTING9
CONTINS0O
CONTINSI

CONTINS2

CONTINSS
CONTINSG
CONTINSS
COHTINSG
CONTINS7
CONTINSS
CONTIN59
COHTINGO
CONTINGY

CONTIN&2
CONTING3
CONTINGSG
CONTINGS
CONTINGS
CONTING7
CONTIHGB
CONTINGS
CONTIN70
CONTIN7A

CONTIN72
CONTIN73
COHTIN74
CONTIN7S
CONTIN7S
CONTIN??7
CONTIN78
CONTIN79
CONTINBO
CONTINSI

CONTING2
CONTING3
CONTINSA
CONTIN8S
CONTIHDG
CONTING7
CONTINOS
CONTINSGY
COHTINS90
CONTINGI

CONTING2
COHTINS3
CONTIN9G
CONTINSS
COHTIN96
CONTINS?

150 IF (YCALC.GE.YGIV) GO TO t10
IND = 10
RETURN
C--NO SOLUTION FOUND IN 100 ITERATIONS
160 IND = 11
RETURN
END
SUBROUTINE PABC(X,Y,A,B,C)
c
C--PABC CALCULATES COEFFICIENTS A,B,C OF THE PARABOLA
C--Y=A®X%®24B¥X+C, PASSING THROUGH THE GIVEN X,Y POINTS
c
DIMENSION X(3),Y(3)
Ct = X{3)-X(1)
C2 B (Y{(2)-Y(1))/(X(2)-X(1])
A TCICR2-YU3)+Y (1 1 I7C1/UXE2)-X13 )
B C2-1XU1)4X(2))mA
C YOU)=-XUEIB-X( 1 yu2%A
RETURN
EHD
SUBROUTINE SPLINE (X,Y,N,SLOPE,EM)

wonoa

c
C--8PLINE CALCULATES FIRST AND SECOHMD DERIVATIVES AT SPLINE POINTS
C--END CONDITION - SECOHD DERIVATIVES AT END POINTS ARE
C--SDR1 AND SDRN TIHES SECOHD DERIVATIVES AT ADJACENT POINTS
C
COMMON NREAD,NWRIT
OIMEMSION X(N),Y(N),SLOPE(N),EM(N)
DIMENHSION GL101),SB(10%)

IERR B ¢
SDRt = .5
SDRN = .5

c & Xe2)-X(1)
IF (C.EQ.0.) GO TO 50
SB(1) = -SDRt
G{t1) = 0.
NO = N-1
IF (NO.LE.0) GO TO 60
IF (NO.EQ.1) GO TO 20
DO 10 I=2,NO
A=C
C = X(I+1)-X(I)
IF (A%C.EQ.0.) GO TO 50
IF {A%C.LT.0.) IERR =1
W = 2.#(A+C)-A#SB(I-1)
SB(I) = C/H
F = (Y(I#*1)-YUI))}/C-UY(I)-Y{I=-t))/A
10 G(I) = (6. ¥F-AXG(I-1))/H
20 EMIN) = SDORN¥G(HN-1)/01.+SDRN*SB(N-1))
DO 30 I=2,N
K = N+1-I
30 EM(K) = G(K)-SB(K)¥EM(K*1}

CONTIN®S
CONTING9
CONTIN00
CONTI1O01
CONTI102
CONTINO03
CONTI04
PABC 2
PARC 3
PABC 4
PABC &
paBC 6
PARC 7
pAaBC &
PARC 9
PABC 10
PABC 11
PABC 12
pABC 13
PABC 14
SPLIHE 2
SPLIME 3
SPLINE 4
SPLINE 5
SPLINE 6
SPLINE 7
SPLINE 8
SPLINE ¢
SPLINEYO
SPLINEN
SPLINE12
SPLINES3
SPLINEtG
SPLINES
SPLINEt6
SPLINE1?
SPLIMELS
SPLINE19
SPLINE20
SPLINE21
SPLINER22
SPLINE23
SPLINE2G
SPLIME2S
SPLIME26
SPLINE27
SPLINERS
SPLIHE29
SPLINE30D
SPLINEX
SPLINE32
SPLINE33

SLOPE(1) = (X(1)-X(2))/76.%(2 ¥EMUTIHEM(2})4{Y(2)-Y(1))/(X{2)-X(1)}SPLIHE3G

DO 40 I=2,HN
40 SLOPE(I) = (X(I)-X(I-1))/6 ¥ (2 ¥EH(I+EM(I-1) 4 (Y(T)~-Y(I-11}/
1XED)-X(I-1))
IF (IERR.EQ.0) RETURN
50 WRITE(HWRIT,1000)
WRITE(HWPIT,1020) Ny {X(I),Y{I),X=1,N)
IF (IERR.EQ.0) STOP

SPLINE3S
SPLINE3S

SPLINE37
SPLINE3S
SPLINE3Y9
SPLINE4D

SPLINEG
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c

[

c

HRITE{NWRIT,1030) SPLINEG2
RETURN SPLINE43

60 WRITE(NWRIT,10101 SPLINEAY
WRITE(NNRIT,1020) N,(X(I),Y(I),I=1,N) SPLINEGS
STOP SPLIHEGS

1000 FORHMAT (1H1,10X,44HSPLINE ERROR -~ ONE OF THREE POSSIBLE CAUSES/ SPLINE4?
117X,51H1.  ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./ SPLINE4S
217X,38H2. SOME X POINTS ARE QUT OF SEQUENCE./ SPLINEGY
317X,32H3, SOME X POINTS ARE UNDEFINED.) SPLINES®

1010 FORMAT C(1H1,10X,62HSPLINE ERROR -- NUNBER OF SPLINE POINTS GIVEN ISPLINESH
1S LESS THAN THO) SPLINE52
1020 FORMAT (//17X,18HNUMBER OF POINTS =,14//17X,8HX ARRAY,6X,8HY ARRSPLINES3
1AY/117X,2613.5)) SPLINES4
1030 FORMAT (1H1) SPLINESS
END SPLINESé

SUBROUTINE SPLINT (X,Y,N,Z,MAX,YINT,DYDX,D2YDX2) SPLINT 2
SPLINT 3

-=SPLINT CALCULATES INTERPOLATED POINTS AND DERIVATIVES SPLINT &
C--FOR A SPLINE CURVE SPLINT §
C--END CONDITION - SECOND DERIVATIVES AT END POINTS ARE SPLINT &
C--SDR1 AND SDRN TIMES SECOND DERIVATIVES AT ADJACENT POINTS SPLINT 7
SPLINT 8

COMMON NREAD,NHRIT SPLINT ¢
DIMENSION XUN),Y{N)»ZIMAX ), YINTIMAX),DYDX(MAX),D2YDX21 MAX) SPLINTYO
DIMENSION G(101),5B(101),EM(101) SPLINT1

IERR = O SPLINTI2

SDRt = .5 SPLINT13
SDRN = .5 SPLINT1G
TOLER= ABS{X{N)-X(1))/FLOAT{N)*{ .E-5 SPLINT1S

C = X(2)-X(1) SPLINT16

IF (C.EQ.0.) GO TO 130 SPLINT17?
SB(1) = -SORt SPLINT!S
G(1) = 0. SPLINT19

NO B N-1 SPLINT20

IF ENO.LE.O) GO TO 140 SPLINT21

IF {NO.EQ.1) GD FO 20 SPLINT22

DO 10 I=2,NC SPLINT23
A=C SPLINT24

€ B X{I*1)-X(I) SPLINT25

IF (A%C.EQ.0.) GO TO 130 SPLINTZ6

IF (A%C.LT.0.) IERR =1 SPLINT27

H = 2.%(A+C)-ANSB(I-1) SPLINT28
SB(I) = C/H SPLINT29

F B AY(IH)-Y(IN/C-(Y{I)-Y(I-1)I/A SPLINTIO

10 G(I) B (6. %F-A*G(I-1))/H SPLINT3I
20 EMIN) = SDRH#G(N-1)/{1.+SDRN%SBIN-1)) SPLINT32
00 30 I=2,N SPLINT33

K = N41-1 SPLINT34

30 EMIK) = GIK)-SBIK)I¥EH(K+1) SPLINT3B
IF (MAX.LE.O0) RETURN SPLINT36
SPLINT37

ENTRY SPLENT SPLINT38

DO 120 I=1,MAX SPLINT39

K=2 SPLINT40

IF (ABS{Z(I)-X(1}).LT.TOLER) GO TO 40 SPLINTG!
IF (ZUI).GT.2.0%Xx{1)-¥(2)) GO TO 50 SPLINT42
GO TO 80 SPLINTG3
40 YINTLI) = Y(1) SPLINTGG
SK = X{K)-X(K-1) SPLINTGS
GO TO 110 SPLINTA6

50 IF (ABS(Z{I)-X(K)).LT.TOLER) GO TO 60 SPLINT47
If (Z11).GT.X(K)) GO TO 70 SPLINT48
GO TO 100 SPLINTA49
60 YINT(I) = Y(K) SPLINTS50
SK = X(K)-X(K-1) SPLINTSY
GO TO 110 SPLINTS2
70 IF (K.GE.N) GO TO 90 SPLINTS3
K = K+§ SPLINTS%
60 TO 50 SPLINTSS
80 S2 = X(23-X(1) SPLINTS6
YO = EMU1)#S2w%242 %Y(1)-Y(2) SPLINTS?
DYDX(I) = (Y{2)-Y(1))/52-7.#EM(1)/6.%52 SPLINTS8
YINT(I) = YO+DYDX(II®(Z(I)-X(1)+52) SPLINT59
D2YDX2{I} = 0. SPLINT60
GO TO 120 SPLINT6!
90 IF (Z(I).LT.2.#XIN)-X(N-1)) GO TO 100 SPLINT62
SH = X{N)I-XIN-1) SPLINT63
YNP1 = EM(NI#SN#%¥2+2 #Y(N)-Y{N-1} SPLINT64
DYDXII) = (Y(N)-Y(N-11)/SN¢7 #EM{N)/6 .%SN SPLINT65
YINT(I} = YNPI+DYDX(I)®*(Z(I)-X(N}-SN) SPLINT66
p2YDXa(I) = o. SPLINT47
GO TO 120 SPLINTé8
100 SK = X{K)-X(K-1) SPLINTG®

YINT(I) = EMIK-1)I®IX(K)-2Z11))"%*3/6./5K
1 /SK#(Y(K}/SK -~EMIKI®SK /6.)#(Z(I)-X(K-1))+(Y(K-1)/SK

FEHLIOR LT -XIK-1) )nn3/6 SPLINT7O
-EM{K-1)SPLINT7!

2 %SK/6.)%(X(K)-Z(I)) SPLINT72
$10 DYDX(ID=-EM(K-1)%(X(K)-Z(1))ux2/2 0/SK +EMIK)I#(X(K-1)-Z(1))nun2/2 SPLINT73
1 /SKHY(K)-Y(K=-1))/SK -(EHIK)-EMIK-1))nSK/6, SPLINT74
D2YDX2(I) = EM(K)-(X(K)-Z(I))/SK*(EMIK)I-EMIK-11} SPLINT75

120 CONTINUE SPLINT76
IF (IERR.EQ.0) RETURN SPLINT?77

130 WRITE(NWRIT,1000) SPLINT78
WRITE(HWRIT,1020) Ny (X{I),Y(I),1=1,N) SPLINT?79

IF (IERR.EQ.0) STOP SPLINT80
HRITE(HNHRIT,1030) SPLINT8Y
RETURN SPLINT82

1640 WRITE(NWRIT,1010) SPLINT83
WRITE(NWRIT,1020) N,{X(I),Y{I),I=1,N} SPLINT84
STOP SPLINT8ES
1000 FORMAT (1H1,10X,44HSPLINT ERROR -- ONE OF THREE POSSIBLE CAUSES/ SRLINT86
117X,51H1.  ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./ SPLINTS7
217X,368H2. SOME X POINTS ARE OUT OF SEQUENCE./ SPLINTSS
317X,32H3, SOME X POINTS ARE UNDEFINED.) SPLINT8Y

1010 FORMAT (1H1,10X,62HSPLINT ERROR -- NUMBER OF SPLINE POINTS GIVEN ISPLINT9D
1S LESS THAN THWO) SPLINTSI
1020 FORMAT (//17X,18HNUMBER OF POINTS =,I4//17X,8HX ARRAY,6X,8HY ARRSPLINT92

$AY/(17X,2613.5)) SPLINT93

1030 FORMAT (1H1) SPLINT9%
END SPLINT95
SUBROUTINE SPLISL(X,Y,N,Y!P,YNP,SLOPE,EM) SPLISL 2

c SPLISL 3
C--SPLISL CALCULATES FIPST AND SECOND DERIVATIVES AT SPLINE POINTS SPLISL &
C--END CONDITION - FIRST DERIVATIVES SPECIFIED AT END POINTS SPLISL §
c SPLISL &
COMMON HREAD,NWRIT SPLISL 7
DIHMENSION X(M),YIH),SLOPEIN),EM(N] SPLISL 8
DIMENSION G{101),SB(101} SPLISL ¢

IERR = 0 srLIstie

C = X{2)-X(1} SPLISLI

IF (C.EQ.0.) GO TO 50 SPLISLIR
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SBt1) = .5
F = (vi21-y(n)/c-yip
G(t) = 3.*F/C
NO = N-1
IF (HO.LE.0) GO TO 60
IF (NO.EQ.1) GO TO 20
DO 10 I=2,NO
A=¢C
C = X(I+1)-X(I)
IF (A*C.EQ.0.) GO TO 50
IF (A%C.LT7.0.} IERR =1
W = 2.#(A+C)-A*SB(I-1)
SB(I) = C/H
F = (Y(IH1)-Y(T})/C-(YIT}=Y(I-1))/A
10 GI{I) = (6.#F-A*G(I-1))/H
20 W = C®(2.-SB{N-1))
F = YNP-(Y(N)-YiN-1))/C
EM(NY = (6.#F-C*G(N-1))/H
DO 30 I=2,N
K = N#1-1
30 EM(K) = G(K)-SBIK)®EM{K*Y)
SLOPE(1) = YIP
DO 40 I=2,NO
40 SLOPE(I) B (X{I}-X(I-1))/6.%(2 . ¥EMII)*EMII-1) )+ (Y(I)-Y(I-1)})/
1IX(I)-X(I-1))
SLOPE(N) = YNP
IF (XIERR.EQ.0) RETURN
50 WRITE({NWRIT,1000)
WRITE(NWRIT,1020) N,(X(I),Y(I},I=1,N)
IF (IERR.EQ.C) STOP
HRITE(NWRIT,1030)
RETURN
WRITE(NWRIT,1010)
WRITE(NWRIT,1020) N, (X(I),Y(I),I=1,N)
STOP

6

o

SPLISL13
SPLISL1G
SPLISLIS
SPLISLYe
SPLISLY?
SPLISL1S
SPLISLY®
SPLISL20
SPLISL21

SPLISL22
SPLISL23
SPLISL24
SPLISL25
SPLISL26
SPLISLR2?
SPLISL28
SPLISL29
SPLISL30
SPLISL31

SPLISL32
SPLISL33
SPLISL34
SPLISL3S
SPLISL3é
SPLISL3?
SPLISL38
SPLISL39
SPLISL40
SPLISLG!

SPLISL42
SPLISL43
SPLISL4S
SPLISL4S
SPLISLG6
SPLISL4?

1000 FORMAT (1HT,{0X,44HSPLISL ERROR -~ ONE OF THREE POSSIBLE CAUSES/ SPLISL48

117X,51H1.  ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X,38H2. SOME X POINTS ARE OUT OF SEQUENCE./
317X,32H3. SONE X POINTS ARE UNDEFINED.)

SPLISL49
SPLISLS0
SPLISL5!

1010 FORMAT (1H1,10X,62HSPLISL ERROR -- NUMBER OF SPLINE POINTS GIVEN ISPLISL52

15 LESS THAN TWO)
1020 FORMAT (//t7X,18HNUMBER OF POINTS =,I14//17X,8HX ARRAY,6X,8HY
1AY/(17X,2613.5))
1030 FORMAT (1H1)
END
SUBROUTINE SPLIPR(DX,Y,N,SLOPE,EM)
c
C--SPLIPR CALULATES FIRST AND SECOND DERIVATIVES AT EQUALLY SPACED
C--SPLINE POINTS, USING SOR
C--END CONDITIOHS - FIRST AND SECOND DERIVATIVES ARE PERIODIC, AND
C--Y INCREASES BY QHE IN THIS PERICD
C
COMMON NREAD,MNWRIT
DIMENSION Y(N),SLOPE(N),EH(N}
DIHENSION F(101)
IF(N.L7.2) GO TO 50
NO = H-1
DYP = 1.4Y(1)~Y(N)
CONST = 3./2./DX#%2
00 10 I=%,N0

SPLISL53
ARRSPLISL54
SPLISLSS
SPLISL5®
SPLISL57
SPLIPR
SPLIPR
SPLIPR
SPLIPR
SPLIPR
SPLIPR
SPLIPR
SPL1PR
SPLIPR10
SPLIPR1N
SPLIPR12
SPLIFR13
SPLIFR14
SPLIPRIS
SPLIFR16

O NP N

EM(I} = 0
DYM = DYP
DYP = Y(I+1)-Y(I)
10 F(I) = CONST#(DYP-DYM)
EM(N) = 0.
DYM = DYP

DYP B 1.4Y(11}-Y(N)
F{N) = COMNST#(DYP-DYM)

ORF = 2./01.4SQRT(.75))
DO 30 K=1,10
EMU1) = EMC1)-ORF*((EMINI+EM(2))/6. *EM{1)-F( 1))
IF(ND.EQ.1) GO TO 30
DO 20 I=2,NO
20 EM(I) = EMOI)-ORF*({(EMII-1)+EM(I+1))/4.+EM(I)-F(I))
30 EM(N) = EMIN)-ORF*((EMIN-1)+EM(1})/74 +ENIN}-F(N)}
SLOPE(1) = -DX/6.%(2.%EM(1)+EMI2))14(Y(2)-Y(1))/DX
DO 40 T=2,H
40 SLOPE(I) = DX/6.#(2,*EM(I}-EM(I-11)H(Y{I)-Y{I-1})/DX
RETURN
50 HRITE{NWRIT,1000)
ST0P

SPLIPRY7
SPLIPRIE
SPLIPRI9
SPLIPR20O
SPLIPR21

SPLIPR22
SPLIPR23
SPLIPR24
SPLIPR2S
SPLIPR26
SPLIPR27
SPLIPRCS8
SFLIPR29
SPLIPR30Q
SPLIFR3I

SPLIPR32
SPLIPR33
SPLIPR34
SPLIPR3S5
SPLIPR36
SPLIPR3?

1000 FORMAT (1H1,10X,62HSPLIPR ERROR -- NUMBER OF SPLINE POINTS GIVEN ISPLIPR3S8

1S LESS THAN THO)

END

SUBROUTINE INTGRLIX,Y,N,SUM)
C

C--INTGRL CALCULATES THE INTEGRAL OF A SPLINE CURVE PASSING THROUGH

C--A GIVEN SET OF POINTS
C--END COHDITION - SECOND DERIVATIVES AT END POINTS ARE
C--SDR1 AND SDRN TIMES SECOMD DERIVATIVES AT ADJACENT FPOINTS
[

COMMON NREAD,NWRIT

DIMENSION X{N),Y(N)4SUM(N)

DIMENSION G(101),SB(10%),EM(101)

IERR = 0
SDRY = .5
SDRN = .5

C B X(2)-X(1}

IF (C.EQ.0.) GO TO 50
SBl1) = -5DR1

G{t) B 0.

NO B N-1

IF (NO.LE.O) GO TO 60
IF (NO.EQ.1) GO TO 20

DO 10 1I=2,ND
A=C
C = X(I+1)-X(I)

IF (A*C.EQ.0.) GO TO 50
IF {A#C.LT.0.) IERR B 1
W = 2.#(A+C}~AXSB(I-1)
SB(I) = C/HW
F = (Y(IIH)-YUIIZC-(YL(I)-Y(I-1))/A
10 G(I) = (6.#F-A»G(I-1))/H
20 EM(N} = SDRN%G(H-1)/(1.+SDRN*SB(N-1))
DO 30 I=2,N
K = N+t-1
30 EM(K) = G(K)-SBIK)®EM(KH1)
sune1) = 0.
DO 40 I=2,N

SPLIPR39
SPLIPR4D
INTGRL
INTGRL
INTGRL
INTGRL
INTGRL
INTGRL
TINTGRL
INTGRL
INTGRLIO
IHTGRLt1
INTGRL12
INTGRL13
INTGRL14
INTGRLIS
INTGRL1®
INTGRL17
INTGRL1B
INTGRL19
INTGRL20O
INTGRL21
INTGRL22
INTGRL23
INTGRL24
INTGRL2S
IHTGRL26
INTGRL27
INTGRL28
INTGRL29
INTGRL3O
INTGRL3Y
INTGRL32
INTGRL33
INTGPL3G
INTGRL35
INTGRL36

VPN WMP N

40 SUHEI) = SUMII-1)HIX(I)-X(I-1))%(Y(T)+Y(I-11)/2.~(X(I)=-X(I=-1))n%3 INTGRL3?
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TR(EMITIFEN(T-1)1/20,

IF (IERR.EQ.0) RETURN

HRITE(NWRIT,1000)

WRITE(NHRIT, 10201 N (X(I),Y(I)sI=1,N}

IF (IERR.EQ.0} STOP

HRITE(HHRIT,1030}

RETURN

HRITE(NHRIT,1010)

HRITECHHRIT,1020) N {X(I),Y(1),I=1,N)

5T0P

1000 FORMAT {1H1,10X,44HINTGRL ERROR -- ONE OF THREE POSSIBLE CAUSES/
117X,51H1. ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X,38H2. SOME X PDINTS ARE OUT OF SEQUENCE./
317X,3CH3. SOME X POINTS ARE UHNDEFINED.)

1010 FORMAT (1H1,10X,62HINTGRL ERROR -~ NUMBER OF SPLINE POINTS GIVEN
1S LESS THAN THO}

5

[

INTGRL3S
INTGRL39
INTGRL4O
INTGRLAT
INTGRLGR
INTGRL43
INTGPLGSG
INTGRLGS
INTGRL4S
INTGRL47?
INTGRL4S8
INTGRL49
IHTGRL50
INTGRLSY
IINTGRL52
INTGRLSS

1020 FORMAT (//17X,18HNUMBER OF POINTS =,14//17X,B8HX ARRAY,6X,BHY ARRINTGRL54

1AY/(17X,2613.5))
1030 FORMAT (1Ht)

END
SUBROUTINE PLOTHYIX,Y.K,P)

C--PLOTHY PLOTS HULTIPLE CURVES
COMMON NREAD,NWRIT
LOGICAL FORY,STUG,TONLY
DIMENSION YLABEL(11),A(104),KPCSTD(6),XLAB(8),YLAB(6),FKFD(6)
DIHENSION X(11),Y(1},P(1),K(1)
LEVEL 2, X,Y
COMMON /JOLO/ F,DX,TLINX,N,LABQUT,KFD,FORY,STUG, TONLY
EQUIVALENCE (KPC,TPC)
DATA BLANK,XGRID,YGRID,RMARK /1H ,1H-,1Ht,1H=/
DATA KPCSTD /1H#,1H+,1H0, 1HX,1H=,1H0 /
DATA XLAB/4H (1H,4H ,5,4HX, F,4H10.0,4H,1064,4HA1,F,4H10.0,64H)
DATA YLAB/4H (1H,4H , ,4HBX, ,4H 11F,4H10.0,4H) 7/
DATA FKFD/4H10.1,4H10.2,4H10.3,4H10.4,4H10.5,4H10.6/

100 WRITE{NWRIT,1000)
KODE = K(1)
KN = K(2}
NPTS = K{(3)
LABOUT B 1
KTL = 1
FKFDO = XLAB(4)
IF(P(1).GT.2.) GO TO 110
C--PU1} = 1. (DUPX)
KTL = KN
GO TO 130
110 IF(P(1).6T.4.) GO TO 140
C--P(t) = 3. (DUPY)
KTIMES = KN-1
D0 120 I=1,KTINES
M4 = IsHPTS
K(2#1+3) = NPTS
DO 120 II=1,NPTS
L = HM*II
120 Y(L) = Y(II)
C--P(1) = 1. OR 3. (DUPX OR DUPY)

130 NPTST = KN*NPTS
TLINX = 55#(1¢NPT5/35)
GO TO 160

C--P{1) = 5. (NQ OUP)

INTGRLSS
INTGRLS6
INTGRL57
PLOTHY
PLOTMY
PLOTHY
PLOTHY
PLOTHY
PLOTMY
PLOTHY
PLOTHY
PLOTHY10
PLOTHY1
PLOTHMYI12
/PLOTHY13
PLOTHY14
PLOTHY1S
PLOTMY 16
PLOTHY17
PLOTHY18
PLOTHY19
PLOTHY20D
PLOTHY21
PLOTHY22
PLOTHY23
PLOTHYZ24
PLOTHY2S
PLOTHMY26
pLoTHMY27
PLDTHY28
PLOTHY29
PLOTHY30
PLOTHY 31
PLOTMY32
PLOTHY33
PLOTHY 34
PLOTHY35
PLOTHY3S
PLOTHY37
PLOTMY38
PLOTHY39
PLOTHY4OD
PLOTHYSY

VDNV P N

140 NPTST = ¢
DO 150 I=1,KN
150 NPTST = NPTSTHK(2%I+1)
TLINX = 55%({ 1+NPTST/{35%KN))
160 IF(1OB(KODE,2).HE.O} GD TO 180
C--OPTION 1 HOT CHOSEN
DO 170 I=1,KH
170 K(2»I+2) = KPCSTD(I)
180 HX = 10
C--OPTION 2
IF(MOD(KODE/2,2).NE.O) NX B P(3)
IF (NX.EQ.0} NX = 1000
NY = 10
C--DOPTION &
IF(MOD{KODE/4,2).NE.O) NY = P(4)
IF(HY.EG.0) NY = 100
C~-OPTION 8 NOT AVAILABLE
IF(MOD(KODE/8,2).HE.0) WRITE(NWRIT,1080)
C--ALL OPTICNS
FORY = .TRUE.
STUG = .FALSE.
TONLY = .FALSE.
IF(HOD(KODE/32,2).EQ.0) GO TO 190

C--OPTION 32
STUG = .TRUE.
KSY = P(9)

FHWRIOY = 10.%% (KSY-6)
FY = PU10)=PURIOY
F = Fy

C--SPECIAL CASE OF OPTION 32
IF(P(5).GE.2.) GO TO 190
TOHLY = .TRUE.
0Y = P{11)%FHRIOY
DX = DY

C--ALL OPTIONS

190 N = HPTST

CALL PISTUGLY)
IF(DX.EQ.0.) GO TO 510
FY = F
DY B DX

C--MODIFY Y LABEL FORMAY IF NECESSARY
IF(KFD.GT.0.AND.KFD.LE.6) YLAB(5) = FKFD(KFD)

C--SET LOGICAL VARIABLES
FORY = .FALSE.
STUG = .FALSE.
TONLY = .FALSE.

C--OPTION 16
IF(HOD(KODE/16,2).EQ.0) GO TD 200
STUG = .TRUE.
KSX = Pl6)
PHR10X = 10.#¥(KSX-6}
FX B PU7)%PURIOX
F = FX

C--SPECIAL CASE OF OPTION 16
IFEMODCIFIX(P(5)),2).EQ.1} GO TO 200
TONLY = .TRUE.
DX B8 P(8)*FWRI0X

200 IF(P{1).LT.2.)N = NPTS

C--ALL OPTIOHS

ILIM = N

PLOTHYSG2
PLOTHY43
PLOTHY44
PLOTHY45
PLOTIIVGS
PLOTHMY47
PLOTHY48
PLOTHY49
PLOTHY50
PLOTHY51
PLOTHYS52
PLOTHYS3
PLOTHYS54
PLOTMY5S
PLOTMY56
PLOTHY57
PLOTHYS8
PLOTHY59
PLOTHY60
PLOTHY61
PLOTHYS2
PLOTHY6 3
PLOTHYbG
PLOTHY6S
PLOTHY66
PLOTHY6?
PLOTHY6S
PLOTHY6 S
PLOTHY70
PLOTHY?ZY
PLOTHY 72
PLOTIY73
PLOTHY?74
PLOTHY75
PLOTHY76
PLOTHY?77
PLOTHY?78
PLOTHY79
PLOTMYS80O
PLOTHYSY
PLOTHYB2
PLOTHYB3
PLOTHYBG
PLOTHYOS
PLOTHYO6
PLOTHY87
PLOTHYOS
PLOTHYEY
PLOTHY90
PLOTHY9
PLOTHYS2
PLOTHYQY
PLOTHY®4G
PLOTHYSS
PLOTHY9%
PLOTHIY97
PLOTHYS8
PLOTHY99
PLOTHIO0OQ
PLOTHION
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CALL PISTUG(X)
1F(DX.EQ.0.} GO TO 510
FX =F
C--MODIFY X LABEL FORMAT IF NECESSARY
IF(KFO.GT.0.AND.KFD.LE.6) XLAB(4)
IF(KFD.GT.0.AND.KFD.LE.6) XLAB(7)
C--COMPUTE AND TEST Y LABELS
210 TDY = DY#10.
D0 220 I=1,11
TEMP = FY+FLOAT(I-1)»*TDY
ATEMP = ABS(TEMP)
IF (ATEMP.LT.1.E-7) TEMP = 0.
IF (ATEMP.GE.1.E+7) LABOUT =
220 YLABEL(I} = TEMP
KSYLAB = 1}
C--WRITE Y LABELS
230 WRITE(NWRIT,YLAB) YLABEL
IFIKSYLAB.EQ.2) GO TO 510
C-~INITIALIZE VARIABLES FOR MAIN PLOT
KSYLAB = 2
LCTR =
NCTR
KouT
KQUIT = ¢
XMIN = FX-DX/2.
XHAX = FX#DX/2.
C--FILL THE A ARRAY FOR CURRENT LINE OF PLOT
C----FILL THE A ARRAY KITH BLANKS OR X-GRID MARKS, AS APPROPRIATE
260 AFILL = BLANK
IF(HMODCLCTR,NX}.EQ.0) AFILL = XGRID
C--FILL IN LINE AND INSERT Y GRID MARKS
260 DO 270 I=2,104
270 A(I) = AFILL
00 280 1=2,104,NY
280 A(I) = YGRID
A(1) = BLANK
IF(KOUT.EQ.2) GO TO 410
C--FIND INDEX OF NEXT X ON THE CURRENT LINE
IGON = 1
290 CONTINUE
IF(IGON.GT.ILIM} GO TO 420
D0 300 I=IGON,ILIM
IF(X(I).LE.XMIN.OR.X(I).GT.XMAX) GO TO 300
IMIN = 1
GO TO 310
300 CONTINUE
C-~IF NO MORE POINTS ON THE CURRENY LINE, WRITE IT OUT
GO TO 420
C--PLACE PLOTTING CHARACTER IN PROPER POSITION (KYL) IN THE A ARRAY
310 DO 390 IM=1,KTL
LL = IMIN*(IM-1)#NPTS
KY = {Y(LL)}-FY)/DY+.5
IF(P(1}.17.2.) GO TO 340
C~--DUPY OR NODUP
IK =10
KLAST = 2#KN+t
DO 320 IL=3,KLAST,2
IK B IK+K(IL)
IF(IK.GE.IMIN) GO TO 330
320 CONTINUE

FKFD(KFD)
FKFD(KFD)

2

-—a

PLOTHIQ2
PLOTHI03
PLOTH104
PLOTHIOS
PLOTH106
PLOTHIO7
PLOTHIQS
PLOTHIO®
PLOTMItO
PLOTHE Y
PLOTHI12
PLOTH1t3
PLOTHI14
PLOTHI1S
PLOTHI 1S
PLOTHI17
PLOTHMI 18
PLOTHIN®
PLOTH120
PLOTHI121
PLOTHI22
PLOTMI2S
PLOTHI124
PLOTMt 25
PLOTH126
PLOTHI27
PLOTH128
PLOTHI29
PLOTH130
PLOTMI3Y
PLOTHY32
PLOTHM133
PLOTM134
PLOTHI3S
PLOTHMI136
PLOTHM137
PLOTH138
PLOTHM139
PLOTHI40
PLOTMIG!
PLOTM142
PLOTHMIAS
PLOTHM144
PLOTH145
PLOTHY146
PLOTMI47
PLOTM148
PLOTH149
PLOTHISO
PLOTHI51
PLOTHI52
PLOTH153
PLOTH154
PLOTH155
PLOTH1S56
PLOTIIS?
PLOTHi58
PLOTHI59
PLOTH160
PLOTHI61

LABOUT = &
GO TO 510
330 KPC B K(IL+1)
GO TO 350
I--DUPX
340 KPC = K(2#IH+2)
>--DEFINE KYL
350 KYL = KY+2
2--PLOT QUT RANGE Y AS B
IF(KY.LT.0) GO TO 360
IFt{KY.GT.10%) GO TO 370
GO TO 3%0
360 KYL = 1
GO TO 380
370 KYL B 104
380 TPC = RMARK
390 A(KYL) = TPC
C--ARE ALL POINTS DONE_
IF(NCTR.GE.ILIM) GO TO 400
NCTR = HCTR*1
IGON = IMIN*{
60 10 290
C--ALL POINTS PLOTTED FOR ENTIRE PLOT
400 KOUT = 2
410 IF(MOD{LCTR,10).GT.5) NX = 10
IF(MOD(LCTR,NX).EQ.0) KQUIT = 2
c
C--HRITE CURRENT LINE OF PLOT
420 IF(MOD(LCTR,10).EQ.C) GO TO 4390
C--WRITE LINE WITHOUT XLABEL
HRITE(NWRIT,1020) A
GO TO 440
430 XLABEL = FX+FLOAT(LCTR)*DX
TEMP B ABS(XLABEL)
IF(TEMP.GE.1.E+7) LABOUT = 2
IF(TEMP.LT.1.E~7) XLABEL 8 0.
C--WRITE LINE WITH XLABEL
WRITE(NHRIT,XLAB) XLABEL,A,XLABEL
C--INCREMENT LINE COUNTER
440 LCTR = LCTR*
XMIN = XMAX
XMAX = DX¥(FLOAT(LCTR)+.5}4FX
C--D00 NEXT LINE
GO TD (240,230),KQUIT
C
C--PLOT COMPLETED - WRITE FINAL LINE OR ERROR MESSAGE
510 GO TO (560,520,540,540,550),LABOUT
520 WRITE(NWRIT,1040)}
G0 70 570
560 WRITE{NKRIT,1050) (X(I),Y{I),I=1,2),(K(J),J=1,3},P(1)
GO TO 570
550 WRITE(NWRIT,1060)
560 WRITE(MWRIT,1000)
C--RESTORE INITIAL FORMATS BEFORE RETURN
570 CONTINUE

YLAB(5) = FKFDO
XLAB(4) = FKFDO
XLAB(7) = FKFDO
RETURN

C-~FORMAT STATEHENTS

PLOTMtI6R2
PLOTHM143
PLOTH164
PLOTH165
PLOTHIG6
PLOTM167
PLOTH168
PLOTH169
PLOTMI70
PLOTMI TN
PLOTH172
PLOTH173
PLOTM174
PLOTH175
PLOTHI 76
PLOTM177
PLOTH178
PLOTHI79
PLOTH18D
PLOTM181
PLOTH182
PLOTHIES
PLOTH184
PLOTHI85
PLOTH!86
PLOTH187
PLOTHIBS
PLOTH189
PLOTHME90
PLOTHIN
PLOTH1I92
PLOTH193
PLOTH194
PLOTMIIS
PLOTH1 96
PLOTH197
PLOTH198
PLOTM199
PLOTM200
PLOTM201
PLOTH202
PLOTH203
PLOTH20G
PLOTH205
PLOTHM206
PLOTMZ207
PLOTM208
PLOTH209
PLOTHM210
PLOTM2t1
PLOTH212
PLOTH213
PLOTM214
PLOTH21S
PLOTHCI6
PLOTM217
PLOTM218
PLOTH219
PLOTM220
PLOTM221
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1000 FORHATIIH )
1020 FORMATIOIH ,15X,104A1)
1040 FORMATUIN ,3X,10HBAD LABELS)
§050 FORMATUIH ,5H N.G.,1G20.8,317,F8.2)
1060 FORMAT(1H ,16HERROR IN K ARRAY)
1080 FORMAT(!H ,98X,Z8HOPTION 8 HO LONGER AVAILABLE)
END
SUBROUTINE PISTUG(ARRAY)
S--PISTUG CALCULATES DX, KFD, AND FX OR FY
LOGICAL FORY,STUG,TONLY
DIMEHSION ARRAY(1)
LEVEL 2, ARRAY
COMMON /J0LO/ F,0X,TLINX,N, LABOUT,KFD,FORY,STUG, TONLY
KHAR{XMAX) = INTCALOGIO(XMAX)*40.)-40
C--FIND X1, THE FIRST POINT TO BE PLOTTED
10 X1 = ARRAY(1)
IF(STUG) GO TO t10
00 100 J=2,N
100 X1 = AMINT(X1,ARRAY(J))
110 IF(STUG) X1 = F
C--FIND XN, THE LAST POINT TO BE PLOTTED
DIFMAX = 0.
B0 120 J=1,N
DIF = ABS{X1-ARRAY(J})
IF(DIF.LE.DIFHAX) GD TO t20
DIFHAX = DIF
IHOWD = J
120 CONTINUE
IF(DIFMAX.EQ.0.} GO TO 300
XN = ARRAY(IHOLD)
IF(TONLY) GO TO 150
C--CALCULATE DX
TLIN = 101,
IF(.NOT.FORY) TLIN B TLINX
C5 B (XN-X1)/TLIN
K7 = KHAR(ABS{(C5))
C9 = ABSIC5)/10.%8K7
D =2.
IF(C9.GT.2.1 D= 2.5
IFIC9.67.2.5) D = 5.
IF{C9.GT.5.) D & 10.
0X B SIGN(D*10.%##K7,C5)
C--CALCULATE KFD
150 K7 = KHAR(ABS(DX))
IF(FLOAT(K7)+1.5.6T.5.6) LABOUT = 2
KFD = MAX0{0Q,MINOL6,-K7))
IF(STUG) GO TO 200
C--CALCULATE F (FX OR FY}
KE12 B INTLABS(X1/DX))
KCi5 = KC12-HOD(KCt2,10)
IF(DX*X1.LT.0.) KC15 = KC15+10
IF(X1.LT.0.) KCt5 = -KCI5
F = ABS{DX)®FLOAT(KC15)
IF{.NOT.FORY) GO TO 200

C--CALCULATE F ODIFFEREMTLY, IF NECESSARY, TO KEEP ALL POINTS ON PLOT

TEMP = F+100.%DX
IF(TEMP.GE.SIGN(XN,DX)) GO TO 200
IF{DX*X1.L7.0.) KC12 = KC12+)
IF(X1.LT.0.) KC12 = -KC12

F = ABS(DX}®FLOAT{KC12)

PLOTH222
PLOTH223
PLOTM224
PLOTH225
PLOTM226
PLOTH227
PLOTH2C8
PISTUG 2
PISTUG 3
PISTUG 4
PISTUG &
PISTUG 6
PISTUG 7
PISTUG 8
PISTUG 9
PISTUGTO
PISTUGt
PISTUGI2
PISTUG13
PISTUGH4
PISTUG1S
PISTUG1é
PISTUGI?
PISTUG18
PISTUGY
PISTUG20
PISTUG21
PISTUG22
PISTUG23
PISTUG24
PISTUG2S
PISTUG26
PISTUG27
PISTUG28
PISTUG29
PISTUG3Q
PISTUG3!
PISTUG3R
PISTUG33
PISTUG34
PISTUG3S
PISTUG36
PISTUG3?
PISTUG38
PISTUG39
PISTUG4D
PISTUGSY
PISTUG42
PISTUGG3
PISTUG4G
P1STUG4S
PISTUGGE
PISTUGG?
PISTUG4S
PISTUG49
PISTUGSO
PISTUG51
PISTUGS2
PISTUGS3
PISTUGS4

C--RE
200
C--ER
300

C wxx

C wan

C nux
C man

TURN PISTUGS5
RETURH PISTUGS6

ROR RETURN PISTUG57
DX = 0. PISTUGS8

LABOUT = 3 PISTUGS9

GO TO 200 PISTUGEO

END PISTUGSY

SUBROUTINE BLADE(IPLOTB) BLADE 2

THE CEHTRAL CONTROL ROUTINE BLADE 3

REAL XIC, KICR, KIP, KIS, KM, KOC, KOCR, KOP, KOS, KTC, KTP, KIS BLADE ¢4

COMMOH /SCALR/ BLADE 5

1 BLADES, CALP, CCC, CEPE, CKTC, CKTS, Ci, C2, DRCE, DRCLEP, DRCLESBLADE 4
2, DPCMST, DRCHT, DRCOI, DRCS, DRCT, DRCTEP, DRCTES, DRCTI, DRCTMP,BLADE 7
3 DRCTHS, DRCTPI, DRCTSI, DSME, DSMT, DSOT, DSP, DSPY, DSP2, DSSE, BLADE &
4 DSsY, DSs2, DST, DSTI, EMT, IR, IW, KIC, KIP, KIS, KM, KOC, KOP, BLADE 9
5 KOS, KTC, KTP, KTS, PI, RCI, RCMS, RCD, RCT, RCTP, RCTS, REE, BLADE 10
6 RELEP, PELES, REM, REMS, REMT, REOI, RES, RET, RETEP, RETES, RETIBLADE I\
7, RETHP, RETMS, RETP, RETS, RIC, SGAM, SALP, SKTC, SKTS, TEPE, BLARE t2
8 THHAX, TKTN BLADE 13
COMHON /INPUTB/ BLADE 14

! ALP, KICR, KOCR, NB, P, R, SOLID, T, THLE, THTE, THX, ZM BLADE 15
COMMON /INPUTT/RDOUMI(17),I0UMI{16),XCHORD(2),XSTGR(2),XRIL2), BLADE 16

1 XRO(2),XBETI(2),XBETO(2),IDUM2(2),RDUN2(270),XM5P(50,21y BLADE 17
2 XTHSP(50,2) BLADE 18
COMMON/BLANK/ BLADE 19

{ THSP1(13), THSP2(13}, ZMSP1(13), ZMSP2{%3), BETIt, BETI2, BETO!1, BLADE 20
2 BETO2, CHORD, RI, RO, STGR BLADE 21
COMMON/INPUTA/ XXMSP(50,2),XXTHSP(50,2) BLADE 22

DIHEHSION FSB{13) BLADE 23

DATA FSB/.0,.05,.12,.2,.3,.4+.5,.6,.7,.8,.88,.95,1.0/ BLADE 2¢

IR =5 BLADE 25

IN=6 BLADE 26

PI = 3.1415927 BLADE 27

RADIAN = 57.29578 BLADE 28

IF(IPLOTB.NE.OQ) BLADE 29

¥WRITE (IM,2000) NB, R, ALP, SOLID, KICR, KQCR, T, ZH, P, THX, BLADE 30
X THLE, THTE BLADE 31
INPUT OPTIONS ARE IP B 1 OR 3 FOR PUNCH AND IP.GT.t FOR PLOT BLADE 32

THMAX B THx/2.0 BLADE 33

KIC = KICR/RADIAN BLADE 34

KOC = KOCR/RADIAN BLADE 35

TALP = TANCALP/RADIAN) BLADE 36

SALP = TALP/SQRT(1.0 + TALP#®2) BLADE 37

CALP = SQRT(1.0 - SALP#»2) BLADE 38

BLADES B NB BLADE 39

GBL = (KIC + KOC)/2.0 BLADE 40

SGAM = SIN(GBL) BLADE 61

CGAH = SQRT(1.0 - SGAMm™®2) BLADE 42

CCC = 1.0 - THLE - THTE BLADE 43

Ct = T - THLE BLADE 44

€2 = 1t.0 - T - THTE BLADE 45

THD = THLE - THTE BLADE 46

TEPE = THD/CCC BLADE 47

CEPE = 1.0/SQRT(1.0 + TEPEM#2] BLADE 48

SEPE B TEPE®CEPE BLADE 49

CALL COHICI(CHD) BLADE 50

BLADE ELEMENT SUCTION SURFACE Z AMD THETA ARRAYS REFERENCED BLADE 51

TO THE LOWEST Z FOINT OF THE LEADING EDGE CIRCLE. BLADE 52

ZTRS = (DRCTSI + THLE)I*CHD BLADE 53

RTC = RIC + (DRCTSI + THLE)#SALP BLADE 54
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TTRS = RETS/RTC BLADE 55 DRCTES = (DRCTES ¢ DRCOII®CHD BLADE115
FST = DSS1/({DSS1 + DSS2) BLADE 56 DRCTEP = (DRCTER + DRCOI )*CHD BLADE1té
DO 50 K=1,13 BLADE 57 DRCOI B DRCOI®CHD BLADELL?

FS & FSB(K) - FST BLADE 58 DRCLES = DRCLES¥CHD BLADE118

IF (FS.6T.0.0) GO TO 20 BLADE 59 DRCLEP = DRCLEP*CHD BLADE119
DSS B DSSI®#FS/FST BLADE 60 REF = 0.0 BLADE120
DK = tKTS - KIS)I®DSS/DSS1 BLADE 61 KTC = KTC*RADIAN BLADE121
G0 TO 30 BLADE 62 KTS = KTS*RADIAN BLADE122
20 0SS = DSS2%FS/(1.0 - FST) BLADE &3 KTP = KTP¥RADIAN BLADE123
DK = (KOS - KTS)¥DSS/DSS2 BLADE 64 KM = KM*RADIAN BLADE124
30 CALL EPSLON(KTS,DK,RCTS,DSS,DRCTS,RES) BLADE &5 DSTI = DSTI®CHD BLADE125
ZMSP1(K) = ZTRS + DRCTS*CHD BLADE 66 DSOT = DSDT#CHD BLADEY26

50 THSPI1{K) = TTRS * RES/(RTC + DRCTS*SALP) BLADE 67 0SSt = DSS1#CHD BLADE127
C *nx BLADE ELEMENT PRESSURE SURFACE Z AND THETA ARRAYS REFERENCED BLADE 68 DSS2 = DSSCO¥CHD BLADE128
C w#»% TO THE LOWEST Z POINT OF THE LEADING EDGE CIRCLE. BLADE 69 OSPY = DSP1%CHD BLADE129
ZTRP = {DRCTPI + THLE)#CHD BLADE 70 DSP2 = DSP2*CHD BLADE130
RTC = RIC + (DRCTPI + THLE)®SALP BLADE 7t IF(IPLOTB.ER.0) GO TO 110 BLADEL 3!
TTRP = RETP/RTC BLADE 72 WRITE (IW,2120) DRCLES, DRCTES, DRCTSI, DRCTHS, RELES, RETES, BLADEt32
FST B OSP1/DSP BLADE 73 X RETMS, REMS, BETI1, BETD!1, KTS, KM, DSSt, DSS2 BLADE!33
DO 100 K=%,13 BLADE 74 WRITE (IW,2110) REF, DRCOI, DRCTI, DRCMT, REF, REOI, RETI, REMT, BLADE134
FS = FSB(K) - FST BLADE 75 X KICR, KOCR, KTC, KM, DSTI, DSOT BLADE135
IF (FS.6T.0.0) GO TO 70 BLADE 76 WRITE (INW,2130) DRCLEP, DRCTEP, DRCTPI, DRCTHP, RELEP, RETEP, BLADE136
DSS = DSPiI#FS/FST BLADE 77 X RETMP, PEM, BETI2, BETO2, KTP, KM, DSP1, DSP2 BLADE137
DK = (XTP - KIP)®D55/D5P1 BLADE 78 110 CONTINUE BLADE138
GO TO 8¢ BLADE 79 RSALP = RADIANXSALP BLADE!39

70 DSS = DSP2#FS/(1.0 - FST) BLADE 80 RELES = RSALP¥RELES BLADE140
DK = (KOP - KTP)#DSS/DSP2 BLADE 81 RETES B RSALP¥RETES BLADE141
80 CALL EPSLON{KTP,DX,RCTP,DSS,DRCTS,RES) BLADE 82 RETHS = RSALP*RETMS BLADE142
ZMSP2(K) = ZTRP + DRCTS*CHD BLADE 83 REMS = RSALP*RENS BLADE143
100 THSP2(K) = TTRP 4 RES/{RTC + DRCTSHSALP) BLADE B4 REDI = RSALP®REQI BLADEt4G
CHORD = (DRCOI + THLE *+ THTE)*CHD BLADE 85 RETI = RSALP¥RETI BLADE145
RI = THLE*CHD BLADE 86 REMT = RSALP¥REMT BLADEt46
RO = THTEMCHD BLADE 87 RELEP = RSALPHRELEP BLADE147
BETIt = KIS*RADIAN BLADE 88 RETEP = RSALP*RETEP BLADEt48
BETO! = KOS*RADIAN BLADE 89 RETMP = RSALP*RETMP BLADE1649
BETIZ = KIP®RADIAN BLADE 90 REM = RSALP¥REM BLADE150
BETO2 = KOP¥RADIAN BLADE 91 BETI1 = BETI! + RELES BLADES!1
GBL=RADIAN®ASIN(SGAM) BLADE 92 BETO1 = BETO! *+ RETES BLADE152
IF(IPLOTB.NE.O) BLADE 93 KTS B KTS + RETMS BLADE153
#WRITE (IW,2100) CHD, GBL BLADE 94 BMS = KM *+ REMS BLADE154
RTE = RIC + DRCOI*SALP BLADE 95 Cc KOCR = KOCR + REOI BLADE155
RM = RIC + (DRCTI + DRCHMTInSALP BLADE 9¢ KTC = KTC * RETI BLADE156
REOI = REOI/RTE BLADE 97 KM = KM + REMT BLADE157
STGR = REOI BLADE 98 BETI2 = BETI2 * RELEP BLADE158
RETI = RETI/(RIC + DRCTI¥SALP) BLADE 99 BETO2 = BETO2 + RETEP BLADE159
REMT = RETI + REMT/RM BLADE) 00 KTP = KTP *+ RETHP BLADEI60
RELES = RELES/(R1C + DRCLES¥SALP) BLADE1DY BMP = K1 + REM BLADE161
RETES B REOI + RETES/(RTE + DRCTES¥SALP) BLADEYOR IF(IPLOTB.EQ.D) GO TO 125 BLADEt62
RELEP = RELEP/(RIC + DRCLEP*SALP) BLADE103 WRITE (IK,2135) BLADE163
RETEP = REOX + RETEP/(RTE + DRCTEPX¥SALP) BLADE104 WRITE (IKW,2136) RELES, RETES, RETMS, REMS, BETI!, BETO!, KTS, BMSBLADE164
REMS = REMT *+ REMS/(RIC + (DRCTSI - DRCTMS)%SALP) BLADE10S WRITE (IH,2137) REF, REOI, RETI, REMT, KICR, KOCR, KTC, KM BLADE165
REM = REMT + REM/IRIC + (DRCTPI - DRCTMP)NSALP) BLADE1D6 WRITE (IW,2138) RELEP, RETEP, RETHP, REM, BETI2, BETO2, KTP, BMP BLADE1&6
RETMS = REMS *+ RETMS/(RIC * DRCTSI®SALP) BLADE107 WRITE (IW,2140) CHORD, STGR, RI, RO, BETI!, BETO!1, RI, RO, BETI2,BLADE1&67
RETHP = REM *+ RETMP/(RIC + DRCTPI#SALP) BLADE10S X BETO2 BLADE168
DRCHT = (DRCTI + DRCMT)®CHD BLADE109 DO 120 K=1,13 BLADE169
DRCTMS B (DRCTSI - DRCTHS }#CHD BLADEI10 120 WRITE (IW,2150) ZMSPI(K), THSPt(K), ZMSP2(K), THSP2(K) BLADE170
DRCTHMP = (DRCTPI - DRCTMP)¥CHD BLADEIT HRITE (IW,2160)} BLADE( 7t
DRCTSI = DRCTSI%CHD BLADE112 125 CONTINUE BLADE172
DRCTPI = DRCTPI¥CHD BLADE113  C =»# ASSIGR VALUES TO BE PASSED TO TSONIC AMD OPTIMIZATION PROGRAM BLADEt73

DRCTI = DRCTI¥*CHD BLADE114 YEHORD (1) =CHCRD BLADE!74
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XSTGR(1)=STGR BLADEt75

XRIC(1)=RI BLADE176
XRO(1)=RO BLADE177
¥BETI(1)=BETI BLADE178
XBETO{ 1)=BETO1 BLADE179
DO 130 K=1,13 DLADESSO
XMSP(K,1)=ZNSP1(K) BLADE131
XXMSP(K, 1 )=ZHSP1(K) BLADE182
XXTHSP{K, 1)=THSPL (K) BLADE183
130 XTHSPIK,1)=THSP1(K) BLADE18G
XRI(2)=RI BLADE185
XRO(2)=RO BLADE186
XBETI(2)=BETI2 BLADE187
XBETO(2)=BETO2 BLADE?8S
DO 140 K=1,13 BLADE189
XMSP(K,2)=ZHSP2(K) BLADE190
XXMSP(K,2}=ZHSP2(K) BLADEI
XXTHSP(K,2)=THSP2(K) BLADE192
140 XTHSPIK,2)=THSP2(K) BLADE193
IF (IPLOTB.EQ.1) CALL EPLOT BLADE?94
RETURN BLADE195

2000 FORMAT (1H1 // G6X,39Hww% INPUT FOR BLADE ELEMENT PROGRAM ##w  //BLADE196
1/ 49%,BHINLET,4X, 6HOUTLET ,4X, 6HTRANS. »4X, 7HMAX. TH. , 3X, 6HIN/OUT, 5X, BLADE1 97
2 GHMAX. ) 6X)QHL.E. +6X,4HT.E. /7 10X, 3HND.,6X)5HINLET,5X,9HCONE,4X, BLADE198
3 BHSOLIDITY,4X,5HBLADE,5X)5HBLADE, 5X+4HLOC. , 6X)4HLOC. y 5X» THTURNINGBLADE199
%4+ 3X16HTHICK. 1 5X+4HRAD. y6X,4HRAD, / 8X,6HBLADES 14X 16HRADIUS, 5X, BLAQE200
5 SHANGLE, 15X, SHANGLE , 5X» SHANGLE » 4X,6H/CHORD , 4X, 6H/CHORD » 5X 4HRATE ,BLADE20¢
6 5X,6H/CHORD,4X,6H/CHORD 34X, 6H/CHORD / 20X, 3H(L),6X,5H(DEG}, 15X, BLADE202
7 S5H(DEG),5X,5H{DEG) // 9X,13,3X,3F10.5,F9.3,F10.4,6F10.5) BLADE203
2100 FORMAT (///////7 45X,4iHwn% QUTPUT FROM BLADE ELEMENT PROGRAM s#s BLADE204
///7 69X, THELEHENT / 69X, 7THSETTING / 58X,5HCHORD, 7X,5HANGLE / 59X,BLADE20S
JHLL)»BX,5HIDEG) /7 B52X,Fi2.5,F12.4 /// 10X,32H% MERID. LOC. FROMBLADER20S
L.E. CENT. ##,2X,32H%% THETA LOC, FROM L.E. CENT. w#¥,2X,9(1H¥), BLADE207
§4H BLADE ANGLES ,9( {H#),3X, 1SHSEGHENT LENGTHS / 10X,8(4H»wnx%), BLADE208
2%, 8 GHwuun),2X, 3IH(HITH RESPECT TO LOCAL CONIC RAY),2X,S(3H#nx) BLADE209
// 8Xy3(4X,5HINLET, 2Xy6HOUTLET, 2X, 6HTRANS. y 2X) 7THHAX . TH. ), 4X, BLADE210
SHFIRST2Xs6HSECORD / 8X,4(5Xs3HIL) ), 3,4 (3K EH(RAD ) 1,2X,4(3X,  BLADE21Y
SH(DEG) ), 1Xs2(5X,3H(L)) 7 ) BLADE212
2110 FORMAT (3X,5HCENT.,1X,4F8.5,2X,4F8.5,2X,4F8.3,3X,2F8.5 /7 ) BLADE21?
2120 FORMAT (3X,5HSUCT.,1X,4F8.5,2X,4F8.5,2X,4F8.3,3X,2F8.5 7/ ) BLADE214
2130 FORMAT (3X,5HPRES.,i1X,4F8.5,2X,4F8.5:2X,4F8.3,3X42F8.5 / ) BLADE21E
2135 FORMAT ( // 44X,32Husxu CONIC ANGLE COORD, ~ C wMsm,2X,9{1Hu), BLADE21¢
1 14H BLADE ANGLES ,9(1H®) / 1H*,69X,1H- / 44X,32H¥# (FROM LEADINGBLADE21i
2 EDGE CENT,) #»®,2X,32H(KRITH RESPECT TO L.E. CENT. RAY)// 42X, BLADE21¢

ONOCWMmL W -

3 2(4X,5HINLET»2X,6HOUTLET,2X,6HTRANS. » 2X, THMAX.TH.) / 43X, BLADE21¢
4 4(3X,5H(DEG))»2X,4¢3X,5H(0EG)) 7 } BLADER22(
2136 FORMAT (37X,5HSUCT.,1X,4F8.3,2X,4F8.3 / ) BLADE221
2137 FORMAT (37X,SHCENT.,1X,4F8,3,2X,4F8.3 /7 ) BLADER2
2138 FORMAT (37X,5HPRES.1X,4F8.3,2X,4F8.3 7/ ) BLADE22:

2140 FORMAT (1HY ///7// 41X,51HMxn QUTPUT THAT CAN BE PUNCHED FOR TSONICBLADE22¢
t INPUT #ui ///7//51X,10(3H®%M)/51X, 1H#, 28X, 1H#/ 51X, 1Hn,6X,5HCHORD ,BLADE22!
2 6X»4HSTGR, 7Xs 1H® / B1X, IH®, 7X, 3H(L) 47X, 5H(RAD ), 6X, 1H® / 51X, 1H%, BLADE22(
3 28X, tHW / 51X, 1H#,2X,F10.5)F11.6,5X, 1H# / 51X, 1HN,28X,1H* / 15X, BLADE22
4 103(tH™) / 15X, 1H*,2(50X,1H*) / 15X, 1H*14X,23Hnwn SUCTION SURFACEBLADE22
5 NMK, 13X, 1H%), 13X, 24Huun PRESSURE SURFACE wms,13X,1H# / 15X, 1H¥,2( BLADE22
6 50X, 1H%) /7 15X, 1H%,8X,34( 1H%),8X, 1H%,8X,34{ 1H"),8X, 1H* / 15X, 1H*,BLADE23!
7 2(50X,1H®) / 15X,2( 1H¥*,8X,2HRY, 9X,2HR0,8X,4HBETI, 7X,4HBETOD,6X)y BLADE23
8 tHw /7 15X, 2{ 1H#, 7%, 3H(L),8%)3H(L), 7X,5H(DEG) »6X,SHIDEG) ,6X ), 1H" /BLADE23
9 15X, 1HM, 2(50X, 1HH) /7 15X, 11¥,201%,2F11.5,2F11.4,5X,1H4) / (5%, \HeBLADERS
+22(50X, 1H®) /7 15X, 1H*,2(50X, 1H*) / 15X, 1H#,2( 15X, 4HZHSP, 12X, 4HTHSPBLADE23

1, 15X, TH¥) / 15X, 1H#,2016X,3H(L), 12X, 5H(RAD), 14X, 1H*) / 15X,1H*, BLADE235

2 2(50X,1Hn) ) BLADE236

2150 FORMAT (15X, 1H*,2(9X:F11.5,6X,F11.6,13X,1H%) ) BLADER237
2160 FORMAT (15X, 1H*#,2(50X,1t¥)/ 15X, 103(tH¥) ) BLADE233
EHD BLAGE239
SUBROUTIHE CONIC(CHORD) conic 2

C nun THIS IS THE MAIN BLADE ELEMENT LAYOUT ROUTINE. BLADE ELEMENTSCONIC 3

C #nn ARE LAID OUT ON A CONE SUCH THAT THE CIRCULAR ARC CHARACTERISTIC COHIC &
C ¥ux OF CONSTANT RATE OF ANGLE CHANGE KITH PATH DISTANCE IS MAINTAINED.CONIC 5
REAL KIC, KIP, KIS, KM, KOC, KOP, KOS, KTC, KTP, KTS CORIC 6
COMMON /SCALR/ conic 7

t BLADES, CALP, CCC, CEPE, CKTC, CKTS, C1, C2, DRCE, DRCLEP, DRCLESCONIC 8

2, DRCHST, DRCHMT, DRCOI, DRCS, DRCT, DRCTEP, DRCTES, DRCTI, DRCTHMP,CONIC 9

3 DRCTHS, DRCTPI, DRCTSI, DSME, DSMT, DSOT, DSP, DSP1, DSP2, DSSE, COHIC 10

4 DSS1, DSS2, OST, DSTY, EMT, IR, IW, KIC, KIP, KIS, KM, KOC, KOP, COMIC t1%

5 KOS, KTC, KTP, KTS, PI, RCX, RCHS, RCO, RCT, RCTP, RCTS, REE, CONIC 12

6 RELEP, RELES, REM, REMS, REMT, REOI, RES, REY, RETEP, RETES, RETICONIC 13

7» RETHP, RETHMS, RETP, RETS, R1C, SGAM, SALP, SKTC, SKTS, TEPE, COHIC 14

8 THMAX, TKTH CONIC 15
COMHON /INPUTB/ COHIC 16

{ ALP, KICR, KOCR, NB, P, R, SOLID, T, THLE, THTE, THX, ZNM CORIC 17

C dnx ESTABLISH BLADE ELEMENT CENTERLINE TO SATISFY CAMBER, CHORD CONMIC 18
C ### AND TRANSITION POINT REQUIREMENTS. CONIC 19
PI2 = PI/2.0 CONIC 20
CGAM= SQRT(1.0 - SGAMw»2) COHIC 21
ICONY = 0 CONIC 22
DKAPPA = KIC - KOC CORIC 23
ICL = 1 CONIC 24
DK2 = DKAPPA/(1.0 + PxC1/C2)} CONIC 25

10 CHORD = 2.0PI#RNSOLID/{BLADES ~ PIXSOLIDXCGAMXSALP) CONIC 26
RIC = R/CHORD CONIC 27
CCHORD = CALP*CHORD CONIC 28

IF (ICL.GT.1) GO TO 15 CONIC 29
EPS= CCCHSGAMMSALP/(RIC + (THLE + CCC¥CGAH)MSALP) CONIC 30
DPHI = DKAPPA - EFS CONIC 31
DPHI4 = DPHI/4.0 CONIC 32
OPHINS = DPHIXOPHIG CoHIC 33
DSOI = CCC/(1.0 - DPHIHS/6.0%(1.0 - DPHIHS/20.0)) CORIC 34
DSTI= C1/CCCHDSOI CONIC 35
DSOT= DSOI - DSTI CONIC 36

15 IF (ABS(SALP/RIC).LT.1.0E-08) GO TO 20 CONIC 37
RCI= R1C/SALP + THLE CONIC 38
GO TO 30 CONIC 39

20 RCI= 1.0E+08 CONIC 40
30 DKY = DKAPPA - DK2 CONIC 41
CALL EPSLON(KIC,-DK1,RCI,0STI, DRCTX, RETI) CONIC 42
KTC = KIC - DK1 CONIC 43
ACT= RCI 4 DRCTI COHIC 4%

35 CALL EPSLOM(KTC,-DK2,RCT,DSOT,DRCOT,REQT) CONIC 45
RCO= RCT + DRCOT CONIC 46
REOI= RCO/RCTHRETI + REOT CONIC 47
DRCOY= DRCTI + DRCOT CONIC 48
CALL TAHKAP(RCI,DRCOI,REOI»TANCCO) CONIC 49
TGBL= (TANCCO + TEPE)/(1.0 - TANCCO®TEPE) COHIC 50
CALL RPOINT(PCI,DRCTI,RETI,TGBL,DRCTP) CONIC 51
SECGBL= SQRT(1.0 + TGBLNM2) CONIC 52
DC1= DRCTP*SECGBL - CI CONIC 53
DC2 = DRCOI¥GQRT(1.0 + TANCCOXW2)MCEPE - CCC CONIC 54

IF (ICL.GT.1.AND.ABS{TGBL - TGDBLL).LV.1.0E-04) GO 7O 37 CONIC 55
ICL = 2 COHIC 56
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37
38

4

C wEm
50

12

o

130

140

150

TGBLL = TGBL
CGAM = 1.0/5QRT(1.0 *+ TGBL¥%2)
GO TO 38
ICONV = 1
IF (ABS{DC1).LY.3.0E~04) GO TO 40
DS1= DSTIXDCI/(CY1 + OCY)
DSTI= DSTI - DSt
0SOT= DSOT - DSOI¥DC2/(CCC + DC2) + DSt
0S0X = DSTI + DSOT
DK2 = DKAPPA/(1.0 + P¥DSTI/DSOT)
IF (ICONY.LT.1) GO TO 10
GO TO 30
IF (ABS(DC2).LT.1.0E~05) GO TO 50
DSOT= DSOT ~ DSOIMDCR/(CCC * DC2)
DSOX = DSTI + DSOT
IF (ICONV.LT.$) GO TO !0
GO TO 35
CONIC COORDINATES OF THE MAXIMUM THICKNESS POINT
SGAH=TGBL¥CGANM
IMT = ZH - T
IF (ABS(ZMT).GT.1.0E~07) GO YO 120
DRCHT= 0.0
REMT= 0.0
DK= 0.0
DSHT = 0
DSME= DST

60 TO 150

HKTC= KTC/2.0

SHKTC= HKTCHSRS(HKTC)

SHKTCQ= SHKTCH®2

SKTC= 2.0SHKTCXSQRT(1.0 - SHKTCQ)

IF (ABS(SKTC),LT.1.0E-07) SKTC = {.0E-07
CKTC= 1.0 - 2.0%SHKTCQ

TKTN= -CKTC/SKTC

IF (ZMT.6T.0.0) GO TO 130

DSHMT= DSTIRZHT/CH

DKDS= DK1/DSTI

DSHE= DSTX

GO TO 140

0SHT= DSOTRZMT/C2

DKDS = DK2/0SOT

DSHE= ~DSOT

OK= -DSHMTDKDS

CALL EPSLON(KTC,DK,RCT,DSHT,DRCHT,RENT)
CALL RPOINT(RCT,DRCMT,REMT,TGBL,DRCMP)
ZHTCAL= DRCMP»SECGBL

IF (ABS(ZHTCAL - ZHT).LT.1.5E-05) GO TO 150
DSHT = DSHTMZMT/ZHTCAL

GO TO 140

RCH= RCT ¢ DRCHMT

KH= KTC + DK

HKM= KH/2.0

SHKM= HKH*SRS(HKH)

SHKMQ= SHKMw»2

CHKM= SQRT(1.0 - SHKNG)

SKH= 2. 0%SHKHNCIHKHM

COHIC 57
COHIC 58
COHIC 59
COHIC 60
CONIC 61
COHIC 62
CONIC 63
CONIC 64
CONIC 65
CONIC &6
CONIC 67
COHIC 68
COHIC 69
CONIC 70
COHIC 71
CONIC 72
CONIC 73
CONIC 74
CONIC 75
COHIC 76
COHIC 77
CONIC 78
CONIC 79
COHIC 80
COHIC at
COHIC 82
CONIC 83
CONIC 84
CONIC 85
COHIC. 86
CONIC 87
CORIC a8
CONIC 8%
CONIC 90
CONIC N
CONIC 92
CONIC 93
CONIC 94
COHIC 95
CONIC 96
CONIC 97
CONIC 98
COHIC 99
COHIC100
CONICtOt
CONICt02
COHIC103
COHIC10%
COHIC105
COHIC106
CONIC107
COHIC108
COHIC109
COHICt1O
COHICI1Y
CONIC112
CONIC113
CONIC114
COHICH1S
CONICt16

C nun
C *un

té

o

170

C wun
[T
180

CKH= 1.0 - 2,0%SHKHQ
DSHE= DSHE + DSNY
DEFINITION OF SUCTION SURFACE MAX. THICKHESS POINT
CALL EPSLOH(KH*+PI2,0.0,RCM, THHMAX,0RCH,REH)
REMS = REN
RCHMS= RCH + DRCH
IF (ZHT.GT.1.0E-07) GO YO 180
REMI = (1,0 * DRCMT/RCT)*RETI + REMT
DEFINITION OF SUCTION SURFACE CURVE FOR MAXIMUM THICKNESS
POIHT ON OR AHEAD OF THE TRANSITION POINT
DK= 2.0#(THMAX - THLE)/DSHE
KIS @ KIC + DK
KIP = KIC - DK
DRCIM= -DRCTX - DRCHT - DRCH
ENSI= RENI/RCH + REM/RCMS
CALL SURF(KIS,KH,SKtt,CKH,RCI,0RCIM, THLE, EHSI,DSSE)
DRCLES = DRCE
RELES = REE
IF (ABS(ZHT).LT.1.0E-07) GO TO 160
DRCHST= DRCHT + DRCH
EMT= REM/RCMS + REMT/RCM
CALL TRAH(KIS,THLE,THMAX,KTS,RCTS,RETS,0551}
DRCTHS = DRCS
RETHS & RES
DHKT= (KTC - KTS)/2.0
OK= 2.,0%(DST - THTE - DSOT®DHKT)/{DSOT + (DST - THTE)¥OHKT)
DRCOTS= DRCOT - DRCT
EMS0= RET/RCTS - REOT/RCO
DRCTSI = DRCTI + DRCT
GO TO 170
RCTS= RCHS
KTS= KH
RETS = RCHS®EMSI
0SSt = -DSSE
SKTS= SKM
CKTS= CKH
DK= 2,0%(THMAX - THTE)/DSOT
DRCOTS= DRCOT - DRCH
EMSO= REH/RCHMS - REOT/RCO
ORCTSI = DRCTI + DRCM
KDS = KOC ~ DK
KOP = KOC + DK
CALL SURF(KOS,KTS,SKTS,CKTS,RCO,DRCOTS, THTE, EMS0,D5S2)
DRCTES = DRCE
RETES = REE
G0 TO 190
DEFINITION OF SUCTION SURFACE CURVE FOR MAXIMUM THICKNESS
POINT BEHIND THE TRANSITION POINT
OK= 2.0%(THMAX - THTE)/DSHE
KOS B8 KOC + DK
Kep = KOC - DK
ORCOM= DRCOT - DRCMT - DRCHM
EMSO= REMT/RCH - REOT/RCO + REM/RCMS
CALL SURF(¥.0S,KM,SKM,CKH,RCO,0RCON, THTE, EMSO,DSSE)
DRCTES = DRCE
RETES = REE
DRCHMST= DRCHMT + DRCH
EMT= REM/RCHS + REMT/RCH
CALL TRANIKOS,THTE,THIAX,KTS,RCTS,RETS,DS52)
DRCTHS = DOPCS

CONICI17
COHIC118
coticie
COHICI120
conIciat
CoHicC122
CONICIT3
COHICIZG
conicizs
COHIC126
coniciay
CONICICB
ConIc12e
COHIC130
CONICt 3
CONIC132
CONIC133
COHIC134
CONIC135
CONIC136
CoHIC137
cotIc138
CONICt3?
CONICt40
CONICI41
COHIC142
CONIC143
CONIC144
CONIC145
COHICY146
COHIC147
COHIC148
CONIC149
CoHICt50
COHIC151
CONIC152
CONIC153
COHIC154
CONIC155
COHIC156
CONICIS?
CONIC158
CoNICts9
CoHIC160
COHIC161
CONIC162
COHIC163
COHICI164
COHIC165
COHICt66
COHIC167
CONICI68
CONIC169
CoHIC170
CONICI 71
COHICt72
CCHIC173
CONICI74
CONIC175
CONIC176
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C wuw
190

[T T
C *uM

210

[TT
C n¥x
220

RETHS = RES
DHKT= (KTS- KTC}/2.0
DK= 2.0%(DST - THLE - DSTI*DHKT)/(DSTI + (DST - THLE)®DHKT)
KIS = KIC + DK
KIP = KIC - DK
DPCTSY = DRCTI + DRCT
EMSI= RETI/RCT *+ RET/RCTS
CALL SURF(KIS,KTS,SKTS,CKTS,RCI,~DRCTSI, THLE,EMSI,DSSE)
DRCLES = DRCE
RELES = REE
DSS1 = -DSSE
DEFINITION OF PRESSURE SURFACE MAXIMUM THICKNESS POINT
CALL EPSLON(KM*PI2,0,0,RCH,=-THHAX,DRCH)REM)
RCHS= RCH + DRCH
IF (ZHT.GT.1.0E-07) GO TO 220

DEFINITION OF PRESSURE SURFACE CURVE FOR MAXTNUM THICKNESS

POINT ON OR AHEAD OF THE TRANSTION POINT
DRCIM= -DRCTI - DRCHMT - DRCH
EMSI= REMI/RCH + REM/RCHS
CALL SURF(KIP,KH,SKH,CKH,RCI,0RCIM, -THLE,EMSI,DSSE)
DRCLEP = DRCE
RELEP = REE
IF (ABS(ZHT).LT.1.0E-07) GO TO 200
DRCHMST= DRCMT + DRCH
EMT = REM/RCMS ¢ REMT/RCHM
CALL TRAN(KIP,-THLE,~THHAX,KTP,RCTP,RETP,DSP1}
DRCTHP = DRCS
RETHP = RES
DRCOTS= DRCOT - DRCT
EMSO = RET/RCTP - REOT/RCO
DRCTPI = DRCTI + DRCT
GO TO 210
RCTP = RCMS
KTP= Ki
RETP= RCMS # EMSI
0SP1 = -DSSE
DRCOTS= DRCOT - DRCH
EMS0 = REH/RCHS - REOT/RCO
DRCTPI = DRCTI + DRCHM
CALL SURF(KOP,KTP,SKTS,CKTS,RCD,DRCOTS, -THTE,EMSO,0SP2)
DRCTER = DRCE
RETEP = REE
GO TO 230
DEFINITION OF PRESSURE SURFACE CURVE FOR THE MAXIHUM
THICKHESS POINT BEHIND THE TRANSITIOH POINT
DRCOH= DRCOT - DRCHT - ORCM
EMSO = REMT/RCM - REOT/RCO + REM/RCHMS
CALL SURF(KOP,KM,SKM,CKH,RCO,DRCOM,-THTE, EMSO,DSSE)
ORCTEP = DRCE
RETEP = REE
DRCHST= DRCHMT + DRCH
EMT = REM/RCMS ¢+ REMT/RCM
CALL TRAH(KOP,=-THTE,~THMAX,KTP,;RCTP,RETP,DSP2)
DRCTHP = DPCS
RETHP = RES
OPCIPY = DRCYI + DRCY
EMSI B RETI/RCT + REV/RCTP
CALL SURF{(KIP,KTP,SKTS,CKTS,RCI,-DRCTPI,-THLE,EMSY,DSSE)
ORCLEP & DRCE
RELEP = REE

CONIC177
CONIC178
CONICt79
CONIC180
couicies
coHicte
COHIC183
COHIC184
CONIC185
COHIC186
coniciay
COHIC188
COHIC189
COHIC190
CONIC191
CoHic192
CoHIC193
COHIC194
COHIC195
CONIC196
COHICt97
CONIC198
COHIC199
CONICR200
CoNIC20t
CoNhICc202
COHIC203
COHIC204
CONIC205
COHIC206
CoHIC207
CONICRZ08
COoHIC209
caurcato
CoHIC211
CONIC212
COHIC213
CONICR214
CONIC215
CONIC216
CONIC217
COHIC218
COHIC219
CoHIC220
caonica2
couIiczaz2
coHiczz23
CONIC224
COHICR225
CONIC226
conica27
coniczz2e
COHIC229
COHIC230
COHIC23t
CoNIC232
CONIC233
coHIc2la
COHIC235
CONIC236

DSP1 = -DSSE

230 DSS = DSS1 + DSS2

DSP = DSP1 + DSP2

DKE = KIS - KIC

IF (DKE.GT.0.0) GD 7O 240
HRITE €IN,2000)

240 IF {(KOS - KOC).LE.0.0) GO TO 250

HRITE (IW,2010)

250 RETURH
2000 FORMAT (///7 30X,73t¥¥ HOTE THAT THE ELEMENT THICKNESS IS DECREASICONIC246

conicz23z
conicale
CONIC239
conicaso

COoHIC2

41

CONIC242
COHICR243
COHICR244
couIC2ss

ING FROM THE LEADING EDGE w» ) CONIC247

2010 FORMAT (/777 23X,86Hr¥ HOTE THAT THE ELEMENT THICKNESS IS INCREASICONIC248
2NG AS THE TRAILING EDGE IS APPROACHED #*} CONIC249

END COHIC250
SUBROUTINE EPLOT EPLOT 2
DINENSION X1261,Y126),STRING1132) EPLOT 3
COMHMON/BLANKZ EPLOT ¢

1 THSP1(13), THSP2(13), ZMSP1(13), ZMSP2(13), BETII, BETI2, BETO!, EPLOT 5

2 BETO2, CHORD, RI, RO, STGR EPLOT 6
EQUIVALEHCE (X(1),ZMSPI(1)),(Y(1),THSP1(1)) EPLOT 7

DATA STRING/132¥1H /) BLANK/IH 7/, PLUS/IH*/ EPLOT 8
HPITE(6,500) EPLOT 9

C #xu FIND X RANGE EPLOT 10
XR=0.0 EPLOT 11

DO 10 I=t,26 EPLOT 12

10 XIF (X(I) .GT. XR) XR=X(I) EPLOT 13

C ##® ARPANGE POINTS IN ORDER OF DECREASING Y EPLOT 14
20 IEX=0 EPLOT 15

DO 30 I=t,25 EPLOT 16

IF (Y(I) .GE. Y(I*1)) GO TO 30 EPLOT 17
TEHP=X(I) EPLOT 18
XCII=X(I+1) EPLOT 19
XEI+1)=TENP EPLOT 20
TEHMP=Y(1) EPLOT 21
Y(X)=Y(I+1) EPLOT 22
Y(I+1)=TEMP EPLOT 23

IEX=1 EPLOT 2¢

30 COHTINVE EPLOT 25

IF (IEX .EQ. 1) GO TO 20 EPLOT 26

C #um FIND Y RANGE, X AND Y INCREMENTS EPLOT 27
YR=Y(1)-Y(26) EPLOT 28

C wux NOTE: 0.1IN/CHARACTER, 0.167IN/LINE, SO 79.2 = 0.6#132.0 EPLOT 29
NY=0.5+79.2%YR/XR EPLOT 30
DY=YR/(FLOAT(NY}~1.0} EPLOT 3t
DK=XR/131.0 EPLOT 3¢

C wu% PLOT POINTS EPLOT 33
IY0=0 EPLOT 34

DO 50 I=1,26 EPLOT 35
Iv=1,54(Y(1)-Y(I))/DY EPLOT 36
NFEED=IY-IYD EPLOT 37
IYo=I1Y EPLOT 38

IF (NFEED .EQ. Q) GO TQ 45 EPLOT 39

D0 40 IFEED=1,NFEED EPLOT 40

40 HRITE(6,1000) EPLOT 41

45 IX=1.5¥X(1)/DX EPLOT 42
STRINGLIX)=PLUS EPLOT 43
HPITEL6,1010) STRING EPLOT 44
STRING(IXN)=BLANK EPLOT 45

50 COHTINUE EPLOT 46
RETURM EPLOT 47
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900 FORMAT (1HY//40X, EPLOT 48
154Huns PLOT OF BLADE SURFACE IN THETA - M COORDINATES wax/////)  EPLOT 49
1000 FORMAT (1H ) EPLOT 50
1010 FORHAT (1H+,132A1) EPLOT 51
EHD EPLOT 52
SUBROUTINE EPSLON(KO,DK,RO,DS,0R,RE) EPSLON 2

[ 11] CALCULATION OF CONIC RADIAL AND CIRCUMFERENTIAL COMPQMENTS OFEPSLON 3
C %M A BLADE ELEMENT SEGMENT WITH GIVEN PATH OISTANCE AMD END ANGLES  EPSLOH 4
REAL KO EPSLON 5

®* IF (ABS(DS).LT.1,0E-08) GO TO 70 EPSLON 6
HOK= DK/2.0 EPSLON 7

IF (ABS(HDK).GT.0.78539816) GO TO 2 EPSLON 8

SR= SRS(HDK) EPSLON 9
SHOK= HDKMSR EPSLON1O
SHOKQ= SHOKM®2 ERSLONIY
CHDK= SQRT{1.0 - SHDXQ) EPSLONt2

GO TO 6 EPSLONI3

2 IF (HDK.LT.0.0) GO TO 3 EPSLON14
HOK = 1.5707963 - HOK EPSLONIS
CHDK = HOK®*SRS(HDK) ERSLON16
SHDKQ = 1.0 =~ CHDK##2 EPSLONI?7
SHDK = SQRT(SHDKQ) EPSLONIS

GO TO 4 EPSLON19

3 HDK = 1.5707963 + HDK EPSLON20
CHDK = HDK®SRS(HDK} ERSLONZ!
SHORG = 1.0 - CHOKRWw2 EPSLON22
SHOK = -SQRT(SHOKQ) EPSLON23

4 SR = AB3(SHDK)/HDK EPSLONZ4

6 HKO = K0/2.0 EPSLON2S

IF (HKO.GT.0.78539816) GO TO 7 EPSLONZ6
SHKO= HKOMSRS(HKO) EPSLONZT
SHKOQ= SHKOw%2 EPSLON28
CHKO= SQRYT(1.0 - SHKOQ) EPSLONZ9
SKO= 2,0%SHKONCHKO EPSLON30
CKO= 1.0 - 2.0#5HKOR EPSLONIT

GO 70 8 EPSLON32

7 HKO = 0.78539816 - HKO EPSLON33
SHKO = HKOXSRS{HKO) EPSLON3G
SHKOQ = SHKO#N2 EPSLON35
CHKG = SQRT{1.0 ~ SHKOR) EPSLONIG

SKO = 1.0 -~ 2,0wSHKOQ EPSLONY?

CKO = 2.0%SHKO®CHKO EPSLON3S

8 SKA = SHDK¥CKO + SKOWCHDK EPSLONY®
CKA= CHDK¥CKO - SKOMSHDK EPSLONGO

C #un CONIC RADIAL COMPONENT OF THE PATH EPSLONGY
OR= DS¥CKA®SR EPSLONG2

IF (ABS{DK},GT.0.00001) GO TO to EPSLON43

DRR = OR/RO EPSLONGG

IF (ABS(DRR).LT.0.01) GO TO 9 EPSLON4S

C wun CIRCUMFERENTIAL COMP, WHEN PATH ANGLE IS ESSENTIALLY CONSTANTEPSLON46
RE = (RO + DR)®SKA/CKA*ALOG(1.0 + DRR) EPSLONG7
RETURN EPSLONGS

9 RE = (1.0 ® DRR)®DSHSRNSKA#( 1.0 ~ DRR#(0.5 - DRR*{0.33333333 - DRREPSLON49

X /4.0))) EPSLONSO
RETURN EPSLON51

10 RS= RO/0S EP5LONS2
IF (ABS(RS).GT.10000.0) GO TO &0 EPSLONS3

IF (RS¥®*2/ABS{DK).GT.1.7E+09) GO TO &0 EPSLONS4

C nun CONIC CIRCUNFERENTIAL COMPONENT OF PATH BY GEHERAL EQUATION EPSLONSS
RCK= RS¥DK - SKO EPSLONS6

o0

o000

QOKS= HDK#%2/6.0
SES = 0.66666667#RCKHGDKS*(1,0 - 0,6%QDKSH(1.0 - D.158730164QDKSH

EPSLONS?
EPSLONES

X (1.0 - 0,077777778%QDKS#(1.0 ~ 0.046753247%QDKS¥(1.0 ~ ,031339031EPSLON59

X %QDKS)))))
ORR= DR/RO
IF (ABS(DRR).GT.0.21) GO TO 20

EPSLONG60
EPSLONGI
EPSLON62

RRH = O.5#DRR*(1.0 ~ 0,25MDRR#(1.0 -~ O.5%DRR*(1.0 - 0.625%DRR*(1,0EPSLONG63
X ~ 0.7¢DRR*(1.0 -~ 0.75%DRR#(1,0 -~ 0.70571429#DRR*(1,0 ~ 0.8125MDRREPSLOMNGG

X #(1.0 - 0.83333333%0RR))11)))) EPSLON65
RRQ = RRH + 1.0 EPSLONG6

GO 7O 30 EPSLONG?

20 RRQ= SQRT(1.0 + DRR) EPSLON68
RRH= RRQ - 1.0 EPSLONGS

30 RM= RRQ¥RS EPSLON70
D = RCK¥CHDK + SKA + OK¥RH EPSLOH
X5= SHOKQM({,0 -RCKK¥2)/D#%2 EPSLON72
XSN= 35.0%ABS(XS} EPSLON73
HXS= XSH EPSLON74

R= 5 * NXS EPSLON75
S§X8= 0.0 EPSLON76
Xps= 1.0 EPSLON?7
DKN= 1.0 EPSLOH78

D0 40 KN=t,N EPSLON79

IF (ABS(XPS).LT.1.0E-12.AND.KN.NE. 1) GO TO 50 EPSLOHBO
XPS= XPSHXS EPSLONSY
DXRN= DKH + 2.0 EPSLONBR

40 SXS= SXS + XPS/DKN EPSLONO3
50 RE= (RO + DR)®(DK®(SKO + SKA + DK¥RSHRRM - SES) - 4.0WRCK®SHOK®  EPSLOMBG
X SXS)/D EPSLONBS
RETURN EPSLONOG
(L1 CONIC CIRCUMFERENTIAL COMPONENT WHEN PATH DISTANCE XS A VERY EPSLONG7
wwn SMALL FRACTION OF THE DISTANCE TO THE CONE VERTEX. EPSLONGS
60 ORR= DR/RO EPSLONGS
RE = (1.0 + DRR)/(1.0 ® 0.5%DRR*(1.0 - 0,.25#DRR*(1.0 - 0.5%DRR®  EPSLON90

X (1.0 -~ 0.625%DRR}) ) I#DSHSKAXSR EPSLON91
RETURN EPSLON92

70 DR = 0.0 EPSLON93
RE @ 0.0 EPSLON94
RETURN EPSLON9S

END EPSLON9S
SUBROUTINE RPDINT(RO,DR,RE,TK,DRP) RPOINT 2
LLLJ THIS SUBROUTINE CALCULATES THE CONIC RADIAL COORDIMATE AT THERPOINT 3
*ux INTERSECTION OF PERPENDICULAR CONSTANT ANGLE LINES FROM THO KHOWN RPOINT ¢
wax POINTS ON A COME. THE LINE THROUGH THE REFERENCE POINT HAS THE  RPOINT 5
#u% INPUT SLOPE TK. RPOINT 6
R = DR/RO RPOINT 7

CK = SORT(1.0/(1.0 + TKw#2)) RPQINT 8

SK = TK¥CK RPOINT 9

IF (ABS(R).LT.0.01) GO TO 20 RPOINTI0

DRP = ROM{EXP{(RE%SK/(RC + DR) + ALOG(1.0 + RIXCK)®CK) - 1.0) RPOINTI
RETURN RPOINTI2

20 € = (RE¥SK/(RO + DR) + R#(1.0 - O.5%RN(1.0 - 0.66666667¥R*(1.0 ~ RPOINT13
X 0.75%R)))IuCK)INCK RPOINTI4
ORP = C RPOINT15

30 CS = DRP*(1,0 - O.5%DRP¥(1.0 - 0.66666667%DRPX(1.0 ~ 0.75%DRP})) RPOINTI6
IF (ABS((CS - C)/C).LT.1.0E~06) GO TO 40 RPOINTI?
ORP = DRP»*C/CS RPOINT18

GO TO 30 RPOINT19

40 DRP = DRP*RO RPOINT20

RETURN RPOINT21
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END RPOINT
FUNCTION SRS(ANG) SRS
C ®an SERIES FOR (SIN(ANG))/ANG WHEN THE MAGNITUDE OF ANG IS LESS SRS
C #ux THAN PI/4 SRS
IF (ABS(ANG).LT.1.0E-05) GD TO 10 SRS
AQ = ANGw»2 SRS
SRS = 1.0 - AQ/6.0%(1.0 - AQ/20.0%(1.0 ~ AQ/G2.0%(1.0 - AQ/72.0)))SRS
RETURN SRS
10 SRS = 1.0 SRS
RETURN SRS
END SRS
SUBROUTINE SURF{KE,XMM,SKM,CKM,RQ)ORC,TE,EMS,DSS) SURF
C #nn THIS SUBROUTINE CALCULATES THE BLADE ELEMENT SURFACE CURVE SURF
C wxu# END POINT COORDINATES. THE SURFACE CURVE IS NORMAL TO THE END SURF
C ®#n POINT THICKNESS PATH AND TANGENT TO A SURFACE REFERENCE POINT SURF
C %n# WHICH IS EITHER THE TRANSITION OR MAXIMUM THICKHESS POINT. SURF

20

C wun
C wxe

20

REAL KE, KE1, KIC, KIP, KIS, KM, KHM, KOC, KOP, KOS, KIC, KTP, KTSSURF
COHMON /SCALR/ SURF
1 BLADES, CALP, CCC, CEPE, CKTC, CKTS, C1, C2, DRCE, DRCLEP, DRCLESSURF
2, DRCHST, DRCHT, DRCOI, DRCS, DRCT, DRCYEP, DRCTES, DRCTI, DRCTHP,SURF
3 DRCTMS, DRCTPI, DRCTSI, OSME, DSMT, ©S0T, DSP, DSPt, DSP2, DSSE, SURF
4 DSSt, DSs2, DST, DSTI, EMT, IR, IW, KIC, KIP, KIS, KM, KOC, KOP, SURF
5 KOS, KTC, KTP, KTS, PI, RCI,» RCMS, RCO, RCT, RCTP, RCTS, REE, SURF
6 RELEP, RELES, REY, REMS, REMT, REOX, RES, RET, RETEP, RETES, RETISURF

7» RETHP, RETMS, RETP, RETS, RIC, SGAM, SALP, SKTC, SKTS, TEPE, SURF
8 THMAX, TKTN SURF
RHS = RO - DRC SURF
IT = 1 SURF
CALL EPSLON(KE *+ 1.5707963,0.0,R0,TE,DRCE,REE) SURF
DRCS = DRC + ORCE SURF
DX = KE - KHM SURF
HDK = DK/2.0 SURF
SR = SRS(HDK) SURF
SHOK = HDK#SR SURF
CHDK = SQRT(1.0 - SHDK#»2) SURF
058 = DRCS/{ SR*(CHOK®CKHM - SHDK#SKM)) SURF
CALL EPSLON(KMM,DK,RMS,DS5,DRCS,RES) SURF
ORE = {RO + DRCE)®EMS + RES - REE SUPF
IF (ABS(ORE}.LT.!1.0E-05) RETURN SURF
IF {IT.EQ.2) GO TO 20 SURF
KE1 = KE SURF
OREY = DRE SURF
KE = KE - 2.0#DPE®(CKM#(1.0 -2, 0%SHDK##2) -2 0#SKM»SHOK#CHDK }/DSS SURF
IT=2 SURF
GO 1O 10 SURF
KE = KE + (KEt - KE)®DRE/(DRE - DRE1) SURF
GO TO 10 SURF
END SURF
SUBROUTINE TANKAP(RO,DR,RE,TK) TANKAP
CALCULATION OF THE SLOPE OF THE CONSTANT ANGLE PATH BETWEEN TANKAP
TWO POINTS IN CONIC RADIUS AND EPSILON COORDINATES TANKAP
R = DR/RO TAHKAP
IF {ABS{R).LT.0.1) GO TO 20 TAHKAP
TK = REZC(RO + DRI®ALOG(1.0 + R)} TAHKAP
RETURH TAHKAP
suna 1.0 TANKAP
IF {(ABSIR).GT.1.0E-08) GO TO 25 TAHKAP
IF (ABS(DR/RE).GT.1.0E-08}) GO TO 35 TAHEAP
TK = 1.0E408 TAHKAP
RETUPH TANAP

22
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25

20

PROD = 1.0 TANKAP 14
DH = 8.0/(-ALOG!O(ABS{R})) TAHKAPLS
NT = DM TAHKAP16
DO 30 I=1,NT TAHY.AP17
N=1H+*|{ TAHKAP18
ON = N TAHKAPI 9
PROD = -PROD*R TANKAPZO
SUM = SUN + PROD/DN TAHKAP2 Y
TK = RE/U(RO *+ DR)*R*SUM) TAHKAP22
RETURN TAHKAP23
EMD TANKAPZG
SUBROUTINE TRAN(KE,TE,TM,KT,RT,RE,DS) TRAN 2
THIS SUPROUTINE CALCULATES THE BLADE ELEMENT SURFACE CURVE TRAN 3
TRANSITION POINT COQRDINATES FROM THE INTERSECTIOM OF THE TRAN 4
ESTAGLISHED SURFACE CURVE OVER THE MAXIMUHM THICKNESS POINT WITH A TRAN 5
PATH PERPENDICULAR TG THE CENTERLINE AT THE TRAHSITION POINT. TRAH 6
REAL KE,KIC,KIP,KIS,KM,KOC,KOP,KOS,KT,KTC,KTP,KTS TRAN 7
COMHON /SCALR/ TRAN 8
1 BLADES, CALP, CCC, CEPE, CKTC, CKTS, C1, €2, DRCE, DRCLEP, DRCLESTRAN 9
2, DRCMST, DRCHT, DRCOI, DRCS, DRCT, DRCTEP, DRCTES, DRCTI, DRCTHP,TRAN 10
3 DRCTMS, DRCTPI, DRCTSI, DSME, DSMT, DSOT, OSP, DSP1, DSP2, DSSE, TRAH {1\
4 Dsst, 0Ss2, DST, DOSTI, EMT, IR, IW, KIC, KIP, KIS, KM, KOC, KOF, TRAN 12
5 KOS, KTC, KTP, KIS, PI, RCI, RCMS, RCO, RCT, RCTP, RCTS, REE, TRAN 13
6 RELEP, RELES, REM, REMS, REMT, REOI, RES, RET, RETEP, RETES, RETITRAN 14
7, RETHP, RETHS, RETP, RETS, RIC, SGAM, SALP, SKTC, SKTS, TEPE, TRAN 15
8 THMAX, TKTN TRAN 16
DST = TH - (TH - TE)}®*(DSMT/OSHE }nn2 TRAN 17
0S5 = DST#(KM - KTC) - OSMT TRAN 18
C5 = (KE - KM)/DSSE TRAN 19
DK = CS%DSS TRAN 20
CALL EPSLON(KM,DK,RCHS,DSS,DRCS,RES) TRAH 21
DRCT = DRCHMST + DRCS TRAH 22
RT = RCNS + DRCS TRAN 2
RET = RES + RT*ENT TRAH 2
CALL TANKAP(RCT,DRCT,RET,TK) TRAN 25
TKD = (TK - TKTN)/{1.0 ¢ TK¥TKTN) TRAN 26
IF (ABS(DST*TKD).LT.1.0E-05) GO TO 20 TRAN 27
DST 8 RET/(CKTC - SKTC»#TKD) TRAN 28
DSS = DSS + DSTHTKO¥SQRT(1.0 + TKD*#2)/(1.0 -(DK *KH -KTC)##2/2,0)TRAN 29
GO TO 10 TRAN 30
KT = KM + DK TRAH 31
RE = RT*RETI/RCT * RET TRAH 32
DS = DSS - DSSE TRAN 33
IF {DSSE.GT.0.0) DS = -DS TRAN 34
HKTS = KY/2.0 TRAH 35
SHKTS = HKTS*SRS{HKTS] TRAN 36
SHKTSQ = SHKTS#w2 TRAH 37
CHKTS = SQRT(1.0 - SHKTSQ) TRAN 38
SKTS = 2.0%SHKTS®CHKTS TRAN 39
CKTS = 1.0 - 2.0#SHKTSQ TRAN 40
RETURN TRAN &1
END TRAN 42
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FUNCTION YPC(DR,RE,EP} YPC

Y PLOT COORDIMATE FROM R AND EPSILON COORDINATES YpC

YPC = DR - RE®EP/2.0#(1.0 - EP%»2/12.0%(1.0 - EP#%2/30.0)) YPC

RETURN YPC

END YpPC
SUBROUTINE COPES(IFLAG) COPES
L e T T T R T e E P S P R PR S AT RS T Y Y T Y Tl o] i ]
COPES - CONTROL PROGRAM FOR ENGINEERIMG SYHTHESIS. COPES
BB DB 0NN D DI N IR N N ERNUNNN NN UNNNURNURCOPES
COMMON /CMMNY/ DELFUN,DABFUN,FOCH, FOCHM,CT,CTHIN,CTL,CTLMIN,ALPHAXCOPES
1,AROBJ1,THETA,0BJ,HOV,NCON,NSIDE, IPRINT ,NFDG,NSCAL, LINOBJ, ITHAX, ITCOPES
2RM, ICNDIR,IGOTO,NAC, INFO, INFOG, ITER COPES
COMMON /COPES1/ TITLE(20) COPES
COMMON /COPES2/ RA(5000),IA(1000) COPES

COHMON /COPES3/ SGHOPT,NCALC,IO0BJ,NSV,NSOBJ,NCONA,N2vX,H2VX,N2VY,MCOPES
12VY,N2VAR, IPSENS, IP2VAR, IPDBG, NACHMX1 ,NDVTOT, LOCR( 251}, L0CI(25), ISCRCOPES
21, ISCR2,NXAPRX,NPS,NPFS,NPA,NF , INOM, IPAPRX,KMIN,KMAX,XFACT1,XFACT2COPES

3, MANZ , NANT . NPHAX . NPTOT , JNOM, MAXTRM COPES
COMHMON /GLOBCH/ ARRAY(1500) COPES
[ BY G. N. VANDERPLAATS 0CT., 1974. COPES
c NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF, COPES
[ NCALC OPTIONS: COPES
c 0. READ ALL INPUT AND STOP. COPES
c 1. SINGLE PASS ANALYSIS. COPES
c 2. OPTIMIZATION. COPES
c 3. SENSITIVITY - Z = F(X). COPES
C 4. TWO VARIABLE FUNCTION SPACE - Z = F(X,Y). COPES
c 5. OPTIMUM SENSITIVITY. COPES
o4 6. ANALYSIS/OPTIMIZATION USING APPROXIMATION TECHNIQUES. COPES
c COPES
c COPES
C NEAR,INC REVISION, JULY, 1982 CoPES
c - COPES CHANGED TO A SUBROUTINE CONTROLLED BY TSOPT DRIVER COPES
c - CONTROL PARAMETER IFLAG ADDED COPES
c IFLAG = t, EXECUTE COPES FROM BEGINNING, READING ALL INPUT  COPES
c IFLAG = 2, SKIP INPUT AND INITIALIZATION COPES
c COPES
c COPES
c B e e L e DAL L L LD e DL COPES
c BN NEN N INPUT HnnsnnuueCOPES
[ L L D e kL e COPES
NAN2= COPES
NAN3=0 COPES
IF(IFLAG.EQ.2) GO 70 15 COPES
c DIMENSIONS OF ARRAYS ARRAY, RA AND IA. COPES
HARRAY=1500 COPES
NDRA=5000 COPES
NDIA=1000 COPES
c READ GEHERAL SYNTHESIS CONTROL INPUT. COPES
C SCRATCH TAPE NUMBERS. COPES
ISCR1=20 COPES
ISCR2=40 COPES
CALL COPEOt (RA,IA,NDRA,NDIA) COPES
IF (NCALC.LT.0.0R.NCALC.GT.6) GO TO 340 COPES
c CHECK TO INSURE STORAGE REQUIREMENTS DO NOT EXCEED COPES
c OIMENSIONED SIZES OF ARRAYS RA AND IA. COPES
NDRA1=LOCR(25} COPES
NDIA1=L0CI(25) COPES
IF ¢NDRA1.LE.NDRA.AND.NDIAY.LE.NDIA) GO TO 10 COPES
WRITE (6,360) NDRA,HDRA1,NDIA,NDIAL COPES

VOV RHPERLSUWRN

13
14
15
16
17
18
19
20
21
22

2¢
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

o000

a00o

20

30
40

50
60

0oo0n

.70
<80

o0

v

GO TO 3640

CONTINUE

READ USER IMPUT.
ICALC=1

CALL AMALIZ (ICALC)

IF (NCALC.LT.!.OR.HCALC.GT.6) GO TO 340

CONTINUE
ICALC=2

JCALC=3

IF (HCALC.NE.2.AND.NCALC.LT.5) GO TO 640

COFES
COPES
COrEsS
COPES
CorEs
COFES

------------------------------------------------------------------ COPES

IF ABS(X(I)).GT.0 OVER-RIDE USER INPUT OF DECISION VARIABLES FOR

OPTIMIZATION.

COPES
COPES

------------------------------------------------------------------ cores

DO 40 I=%,NOV
XX=ABS(RA(I))

OVER-RIDE ANALIZ INPUT.
H5=LOCR{S5)

M2=LOCI(2)

DO 20 J=1,NHDVTOT
NNI=TA(M2})

M2=M2+1

IF (NM1.NE.I) GO TQ 20
NN1=TA(J)

IF (XX.LT.1.0E-10}) GO TO 30
ARRAY(HNN1)=RA(I)*RA(NS)
N5=N5+1

GO TO 40
RA{I)=ARRAY(NN1}/RA(NS)
CONTINUE

TRANSFER DESIGN VARIABLES TO ARRAY.

M2=LOCI(2}

N5=LOCR(5)

DO 50 I=1,NDVTOT

N=IA(H2)

M=IA(D)

ARRAY(M)=RA{N)¥RA(NS)

N5=N5+1

M2zM2+1

CONTINUE

IF (NCALC.NE.3.AND.NCALC.NE.5}

Mi6=L0OCI(16)
M17=L0CIC(17)
N15=LOCR(15)

DO 70 I=1,HSV
NH=TA(M16)
M16=M16+1
ARRAY(HN)=RA(N15)
N15=N15+IA(M17)
M17=M17%1
CONTINUE

IF (NCALC.LT.6) GO TO 290

GO TO 80

INITIALIZATION FOR APPROXIMATE AMNALYSIS/OPTIMIZATION

CQres
COPES
COPES
Cores
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COFES
COPES
COPES
COPES
COPES
COPES
COPES
COPES
COPES

57
58
59
60
61

62
63
64
65
66
67
68
69
70
n

72
73
74
75
76
77
78
79
80
81

a2
a3
84
85
86
87
a8
89
90
N
92
93
9%
95
96
97
98
99

COPES100

COPES10t

COPES102

COPES103

COPES104
COPES105
COFEST106
COPES107
COPES108
COFES109
COrEST10
COPES!I
COFESt12
COFESt13
COFESi14
----COFESt1S
COPESt16



T0¢

110

120
130

o0

140

150

160

IF (MPA.EQ.0)} GO TO 130
AMALIZ INPUT DEFINES AN X-VECTOR.
H5=LOCI(5}

N23=LDCRI23)

DO 120 I=1,NXAPRX

J=IA(H5)

1S THIS A DESIGN VARIABLE.
DO 90 K=1,HDVTOT

KK=K

IF [IAtK).EQ.J) GO TO 100
CONTINUE

NO.

AMULT=1,

GO 7O 110

YES.

K=LOCR(5 ) *KK~1

AMULT=RA(K)
RA{NZ3)=ARRAY(J}/AHULT
M5=H5+1

N23=N23+{

CONTINUE

IF (NPS.GT.0.0R.NPFS.GT.0) GO TO 190
ONLY OHE DESIGN VECTOR IS AVAILABLE. CREATE A SECOND X-VECTOR
SO OPTIMIZATION CAN PROCEED.
N23=LOCR(23)

N24=H23+NXAPRX

HM5:L0CI(5)

00 180 I=1,NXAPRX

GLOBAL LOCATION.

IG=IA(M5)

M5=M5+]

PROPDSED X-VALUE.
XX=1.1%RAIN23)

IF (ABS(XX).LT.1.0E-10) XX=.1
IS THIS A DESIGN VARIABLE.
N5=LOCR{5)

00 140 J=1,NDVTOT

JJ=J

AMJS=RAINS)

IF (IA€J).EQ.IG) GO TO 150
HO.

N5=N5+1{

CONTINUE

GO TO 170

CONTIHUE

YES. WHICH DESIGN VARIABLE IS IT.
ID=LOCI(Z )+JJ-1

ID=TA{ID)

IHSURE XX IS WITHIN BOUMDS.
N2=LOCR{2)+ID-1
N3=LOCR{3)+1D-1

BL=RA(HZ )#ABS( AMJ)
BUZRA(H3)*ABS{ ANJ}

IF (BL.LE.BU) GO TQ (60
SAV=BL

BL=BU

BU=SAY

IF (ZALT.BL) XX=BL

IF (XX.GT.BU) XX~BU

COPESI17
COPES118
COPES1t9
COPESICO
COFES121

COPES122

COPESt23
COPESI24
COPES1t25
COPES126
COPES127
CoPES128
CoPESi29
COPESt30
COPES13t

COPES132

COPES133
COPES!34
COPES135
COPES136
COPES137
COrES138
COPES139
COPES140
COPES14Y

COPES142
COPES143
COPES144
COPESt4S
COPES146
COPES147
COPES148
COPES149
COPESISO
COPESISI

COFLStS2
COPES153
COPES154
COPESI55
COPES156
COPEStS?
CaPes1sa
COPES159
COPES160
COPES161
COPES162
COFES163
coprstés
COPES165
COFES166
COPES167
COPES168
COPES169
COPES170
COFPESIT)

COFES172
COPESI73
COPES174
COPLS17S
COFES3176

170

180
190

200
210

220

230

260
250

2
c

DX=RA(N23)-XX

IF (ABS(DY).LT.t.0E-6) XX=1.001#RA(N23)
IF (ABSI¥X).LT.1.0E~6) XX=,001
RACHZG)=¥X

H23=N23+1

N24:N24+)

CONTINUE

REWIND ISCR2

NP3A=NPS+HPA

IF (NPSa.EN.0) GO TO 250

IF (MPS.EQ.D) GO TO 210

READ X-VECTORS.
NXI=LOCR{ 231 +HPAXNXAPRX

DO 200 J=1,MPS
NXIJ=HXI+HXAFRX-1

READ (ISCP2} tRAII),I=NXI.NXIJ)
NXTI=NXT+NXAFRX

CONTIHUE

IF (HPFS.LE.O) HPSA=NPTOT
NXI=LOCR(23)
NY=HXT+NXAFRX¥HNPTOT

DO 240 J=1,HPSA

TRAMSFER X-VALUES.

H5=LOCIt5)

T1=NXT

DO 220 I=1,NXAPRX

II=IA(N5)

ARRAY(II)=RA(It)

M5=M5+1

=11+

ANALIZE.

NANZ=NANZ +1

CALL AMALIZ (ICALC)

PUT FUHCTION VALUES IN Y-ARRAY.
M5=LOCI(6)

T1=NY

00 230 I=1,NF

II=IA(M6)

RA{I1)=ARRAY(II}

I1=I14

H6=M6+1

NXI=HXT+HXAPRX

NY=NY+NF

CONTIHUE

CONTINUE

IF (HPFS.LE.O0) GO TD 270
NXTI=LOCP(23)+HPSA*HXAFRX
NY=LOCR{Z I )PNXAFRXANPTOT +HF #HPSA
PEAD X AND Y VECTORS.

00 260 J=1,NPFS
NXIJ=HXI+HXAFRX-1

NYJ=NY+HF -1

X-VECTOR,

READ (ISCR2Z) (RA{I),I=NXI,NXIJ)
Y-VECTOR.

READ (ISCR2) (RA(I},I=HY,NYJ)
NXI=HXI+HXAPRX

HY=HY NF

CONTINUE

PUT X-F PAIRS BACK OH ISCF2.

COPES177
COFES178
COPEStTY
COPES180
coPeESiat
COFES182
COPES183
Corgsiaq
COPES185
COPES186
COPES187
COPES188
COrestaee
COPES190
COPES1IN
COPES192
COPES193
COPES194
COPES195
COPES19¢
COPES197
COPES198
COPES199
COPES200
COPES201
COPES202
COFES203
COPES209
COPESC0%
COPESZO6
COPES207
COPES208
COPES209
coPESZIO
copPEsait
coPeS212
COPES213
COPES214
COPES215
COPES21é
Coresas?
COPES218
COPES219
COPESZ20
COFES22
COPESZC
cOreszeal
COrES224
COPES22
COPES226
COPESZE?
COPESTT,
COPESZR9
COPESCZ30
COPESZ3I
COFESC32
COFES233
COPESZ34
COPES235
corescls



20¢

280
290

300

oOo0oo0

305

OO0
-
o

REWIND ISCR2 COPES237
HXI=LOCR(23) COPES238
NY=NXINXAPRX#NPTOT COPES239
D0 280 I=1,NPTOT COFES240
HXIJ=HXI+NXAPRX-1 COPES241
NYJ=NY +NF -1 COPES242
X-YECTOR. COFESZ4l
WRITE (ISCR2) (RA(J),J=NXI,NXIJ) COPES244
Y-VECTOR, COPES245
WRITE (ISCR2} (RA(J},J=NY,NYJ) COPES246
NXT=NXIJ+1 COPES247
NY=NYJ+t COPES248
CONTINUE COPES249
GO TO (300,300,310,320,310,330),NCALC COPES250
------------------------------------------------------------------ COPES25Y
OHE ANALYSIS CoPES252
------------------------------------------------------------------ COPES253
NAHZ2=NAHZ +1 COPES254
CALL ANALIZ (ICALC) COPES255
IF(NCALC.GT.1) GO TO 305 COPES256
HANJI=NAN3 ¢+t COPES257
CALL AMALIZ (JCALC) COPES258
IF (NCALC.EQ.1) GO TO 340 COPES259
------------------------------------------------------------------ COPESZ260
OPTIMIZATION COPES261
------------------------------------------------------------------ COPES262
OPTIMIZATION. COPES26)
CONTINUE COPES264
CALL COPEO2 {ARRAY,RA,IA,NARRAY,NDRA,NDIA) COPES265
OUTPUT RESULTS. - COPESC66
CALL COPE18 (I0BJ,NDVTOT,NCONA,RA,IA,LOCR,LOCI,ARRAY) COPESC67
NAH3=HANI+L COrES248
CALL ANALIZ (JCALC) COPES269
GO TO 340 COPES270
------------------------------------------------------------------ COPES27
SENSITIVITY ANALYSIS COPES272
------------------------------------------------------------------ COPES273
CONTINUE COPES274
ARRAY STARTING LOCATIONS. COPES275
SENS. COPES276
N1=LOCR(15) COPrES277
NN8=LOCR{ 16 )-N1 COFES278
NSENSZ, COPES279
H2=LOCI(15) COPES280
NN9=NSOBJ COPES281
ISENS. COPES282
N3=LOCI(16) COPFESZ83
HHY10=NSY COPES284
HSENS. COPES285
Na=LQCI{(17) COPES28%
TEMP. COPES287
NS=LOCR(23) COPES288

CALL COPEOG (ARRAY,NARRAY,RA(N1),IA(N2},IA(N3),IA(NG),RA(N5),HH8,HCOPES289
1N9,HN10,RA, IA,HDRA,NDIA) COrES29Q
CALL COFEO04 (APRAY,NMARRAY,RA(NY),TACNZ),TA(NIT,TA(NG),RAINS), NS, HCOPESTAY

TH9,NH10,RA,TA,NDRA,NDIA) COPES290
QUTPUT RESULTS. COPES291Y
CALL COPEO5 (RA,IA,NDRA,HNDIA,ISCR1) COPES292
GO TO 340 COres29l
CONTINUE COFES294

oOO0O0OO0O00000

00

Lzl

330
C

340

------------------------------------------- - COPES295
THWO VARIABLE FUNCTION SPACE COPES296
------------------------------------------------------------------ COPES297
CALL COPED6 (ARRAY,RA,IA,NARRAY,NORA,HDIA) COPES298
QUTPUT RESULTS. COPES299
CALL COPEQ7 (RA,IA,NDRA,NDIA,ISCR1} COPES300
GO TO 340 COFES301
CONTINUE COPES302
----------------------------------------------------------- ~====---COPE5303
APPROXIHMATE ANALYSIS/OPTIMIZATION. COPES304
------------------------------------------------------------------ COPES305
CALL COPEQ9 COPES306
QUTPUT RESULTS. COPES307
CALL COPE14 (NXAPRX,NF,NPTOT,RA,IA,LOCR,LOCI,TITLE,INON,NDV,IPAPRXCOPES308
1, ISCRZ,NAXTRM) COPES3I09
IF (KMAX.LT.0) GO TO 340 COPES310
CALL COPE18 (IOBJ,NDVTOT,NCOMA,RA,IA,LOCR,LOCI,ARRAY) COPES311
NAN3=HAN3Z+1 COPES312
CALL AHALIZ (JCALC) COPES313
CONTINUE COPES3t4
WRITE (6,350) HANZ2,NAN3 COPES3tS
REWIND ISCR1 COPES3t6
REWIND ISCR2 COPES317
RETURN COFES3TE
COPES319

FORMATS COPES320
------------------------------------------------------------------ COPES321

FORMAT (1H1,4X,23HFROGRAM CALLS TO ANALIZ//8X,SHICALC,3X,5HCALLS/1COPES322
10X, 1HT, 7X, 1H1/10X, 1H2,18/10X, 1H3,18) COPES323
FOPMAT (//5X,60HREQUIRED STORAGE FOR ARRAY RA OR IA EXCEEDS DIMENSCOPES324
1IONED SIZE/5X,5HARRAY,2X, SHDIMENSION, 2X, 8HPEQUIRED/7X, 2HRA,18,6X, ICOPES32S

25/7%X3EHIA,18,6X.I5//5X,2CHR @ PROGRAM TERHMIMATED) COPESI2G
EHD COPES327
SUBROUTINE COPEO1 (RA,IA,NDRA,NDIA) COPES328

COMMON /CHMN1/ DELFUN,DABFUN,FDCH, FOCHM,CT ,CTHIN,CTL,CTLHIN,ALPHAXCOPES329
1,ABOBJ!, THETA,03J,NOV,HCON,NSIDE, IPRINT,NFDG,NSCALs LINOBJ, ITMAX, ITCOPES330
2RM, ICHDIR, IGOTQ,NAC, INFO, INFOG,ITER COPES33t

COIMMON /COPESY/ ATITLE(20) COPES332
COIMON /COPES3/ SGNOPT,NCALC,I0BJ,NSY,NSOBJ,NCONA,N2VX,M2VX,NZVY,HCOPES333
12VY,H2VAR, IPSENS, IPZVAR, IPDBG, NACHMX1 ,NDVTOT, LOCR( 25), LOCI(25), ISCRCOPES334
21, ISCRZ, HXAPRX,HPS,NPFS,NPA,NF , INOM, IPAPRX, KMIN,KHAX, XFACT1 , XFACTZCOPES335

3,HAN2, NAH3, HPHAX, HPTOT , JNOH  MAXTRN COPES336
DIHMENSION RA(HDRA}, TA(HDIA), TITLE(20) COPES337
DATA EHD?!/1HE/,END2/1HN/,END3/1HD/ COPES338
DATA COM/1H$/,BLANK/IH / COPES339

DU N TN U RO RN B N MM RHM NN NN NN AN NRNNCOPESIGO
ROUTINE TO READ COHTROL INPUT FOR COPES. COPES 341
I PN AN NN 006 O I D060 U060 000 0600 D06 0 MO NI MM R COPES 342

BY G. M. VANDERPLAATS MAR., 1973. COPES343
HASA-AMES RESEARCH CENTER MOFFETT FIELD, CALIF. COPES344

--~-COPES345
READ CARD IMAGES AND STORE ON UNIT ISCRZ. STORE ON UNIT ISCR1 COPES346
WITHOUT COMMENT CARDS COPLS347
------------------------------------------------------------------ COPES348
REWIND ISCRI COPES349
REWIND ISCR2 COrES350
NCARDS=0 COPES351
LOCI(25)=0 coPLS352
HCOM=D COPES353
ICARD=0 COPES354



€02

40
50

60

000 O0

o0

READ (5,580) {RA{I},I=t1,80)
ICARD=ICARD*1

HCARDS=NCARDS*1

HRITE (ISCR2,590) NCARDS,(RA(I),I=1,80)
IF (RA(1).EQ.COM) GO TO 10

IF (RA(1).EQ.END1.AND.(RA{2).EQ.END2,AND.RA(3).EQ.END3}) GO TO 20

IF (NCOM.NE.0O) GO TO 30

TITLE OR END CARD.

WRITE (ISCRt,580) (RA(IX),I=1,80)
IF (NCOM.GT.0) GO JO 70

IT HAS THE TITLE CARD.

NCOH=1

G0 7O 10

CONTINUE

FORHAT DATA AS REQUIRED.

NA=1

NB=81

CALL COPEO8 (RA(NA),RA(NB),IFORM,NFLD)
OETERMINE NUMBER OF CARDS OF DATA AHD ADD BLANKS TO FILL.
NBC=(NFLD-1}/8+t

N3=80*NBC+80

NA=TOXNFLD+81

IF {(NA.GE.NB) GO TO 50

00 40 I=NA,NB

RA(I)=BLANK

CONTINUE

KWRITE (ISCR1,580) (RA(I),I=81,NB)
IF (IFORM.GT.0) GO TO 10

DATA HWAS NOT PREVIOUSLY FORMATTED.
N1=1

DO 60 II=1,NBC

Ni=N1+80

N2=H1+79

WRITE (ISCR2,590) NCARDS,(RA(I},I=N1,N2)
ICARD=ICARD*1

GO TO 10

CONTINUE

REWIND ISCRt

REWIND ISCR2

TITLE.

DATA BLOCK A.

READ (ISCR1,1190) (ATITLE(I),I=1,20)

CONTROL PARAMETERS.

DATA BLOCK B.

READ (ISCR1,1200) HCALC,NDV,NSV,N2VAR,NXAPRX,IPNPUT,IPDBG
IF (MCALC.LT.0.0R.NCALC.GT.6) WRITE (6,1220) NCALC
IF (HCALC.LT.0.0R.NCALC.GT.6) RETURN

IF (IPNPUT.GT.1) GO TO 100

HRITE (6,970)

WRITE (6,980)

HRITE (6,990) (ATITLE(I),I=1,20)

IF {IPNPUT.GT.0) GO TO 90
WRITE (6,870)
WRITE (6,880)

COPES355
COPES356
COPES357
COPES358
COPES359
COPES360
COPES361
COPES362
COPES363
COPES364
COPES365
COPES366
COPES367
COPES368
COPES369
COPES3T0
COPES37t
COFES372
COPES373
COPES374
COPES37S
COPES376
COPES377
COFES378
COPES379
COPES380
CoPES381
COPES382
COPES383
COPES384
COFES385
COPES386
COPES387
COPES388
COPES389
COPES390
COPES3IN
COPES392
COPES393
COPES394
COPES395%
COPES396
COPES397
COFES3®8
COPES399
COPES400
COPES401
COPES402
COPES403
COFES404
COFES405
COPES406
COPES407
COPES408
COPES409
COPES410
COPES411
COPES412
COPES413
COPES414

80

90

10

o000

1"

[

12

DO 80 I=),ICARD COPES415
READ (ISCRZ,590) NCARDS,(RA(J),J=1,80) COPESG16
HRITE {6,850) NCAPDS, (RA(J),J=1,80) COPESG1?
REWIND I5CR2 COFESQ18
CONTIHUE COPES419
WRITE (6,1000) (ATITLE(T},I=1,20) COPES420
WRITE (6,1010) NCALC,NDV,HSV,HCVAR,NXAPRX, IFNPUT, IFDBG COrEsat
HRITE (6,%10) COPES422

0 HNACHX1=0 COPES4Z3
HDVTOT=0 COPES4Z4
HCOHA=0 COPESA2S
NCOH=D COPES426

IF (NDV.LE.Q) GO TO 270 COPESHL?
-------------------------------------- - --COPES4cs
OPTIMIZATION INFORMATION COPESH29
------------------------------------------------------------------ COPES430
OPTIMIZATION CONTROL VARIABLES. - CONMIN DEPEMNDENT. COPESG31

---~ DATA BLOCK C. COPES432
READ (ISCR1,1200) IPRINT,ITHMAX,ICNDIR,HSCAL,ITRM,LINOBJ,NACHX!,NFDCOPES433

16 COPESG34
--~ DATA BLOCK D. COPES435
READ (ISCR1,12t0) FOCH,FDCHM,CT,CTMIN,CTL,CTLMIN, THETA,PHI,DELFUN,COFES436
1DABFUN, ALPHAX, ABOBJ1 COPES437
--- DATA BLOCK E. COPESG38
TOTAL MO. OF D. V., OBJECTIVE GLOBAL NUMBER, SIGN COPES439

OH OPTIMIZATION OBJECTIVE. COPES440
READ (ISCR1,9C0} HDVTOT,IO0BJ,SGHOPT COFES4a1

IF (NDVTOT.LT.HDV) NDVTQT=NDV COPESG42

IF (NCALC.EQ.6.AND.NACHX!1.EQ.0) NACMXi=2¥NDV+2 COFESGa3

IF (NACHX1.LE.Q) NACMXi=NDV+2 COPESG4G

IF (IPNFUT.GE.2) GO TO 110 COFES445

IF (ABS(SGHOPT).LT.1.0E-10) SGHROPT=-1, COPES446
WRITE (6,1070) IOBJ,SGHOPT COFESG47
WRITE 16,760) IFRINT,ITHAX,ICNDIR,NSCAL,ITRH,LINOBJ,NACHX],NFDG COPES448

WRITE (6,770) FDCH,FDCHM,CT,CTHIN,CTL,CTLMIN, THETA,FHI,DELFUN,DABFCOPES449

1UH, ALPHAX, ABCBJY
0 NZ=NDV+3
N3=NZ+HDV+2
HG=H3+HDV+2
--- DATA BLCEK F.

DESIGH VARIABLE INFORMATION, LB, UB, INITIAL VALUE, SCAL.

IF (IPHPUT.LT.2) WRITE (6,1080)
NS=HG+HDV+2
IF (N5.LE.NORA) GO TO 120
HWRITE (6,730)
HRITE (6,790)
LOCR(25)1=N5
GO TO 550
0  COMTINUE
NSIDE=0
DO 130 I=1,NDV

READ (ISCR1,1060) RA{N2},RA(N3),RALI),RAING),(TITLE(J),J=1,5)

IF (RACHZ).GT.-1.0E+15.0R.PA{H3).LT.1.0E+15) NSIDE=1
IF (RAtHZ).LE.-1.0E*15) RA(N2)=~1_1E*15
IF (RAtH3).GE.1.0E*+15) FA(N3)=1.1E+15

COPESG50
COPES451
COFEsSas2
COFESGS53
COFES45Y
COPES4a55
COPES456
COPESGS57
COFES458
COPES459
COPES460
COPES461
COreEsa6
COPESYS3
COFES464
COFES465
COPES456
COPES467
COPLS468
COFES469

IFf (IFHPUT.LT.2) WRITE {6,1090) I,RA(N2),RACLN3),RA(I),RA(NG),(TITLCOFES4T0

1£04),J=1,5)
HZ=H2*1
H3=N3+1
NOSH #

COFLSH7Y
COFES472
COPES4T3
COTES4 74
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130
c ---

140

150

160

C ---

¢ ---

CONTINUE
DATA BLOCK G.
D. V. HO., GLOBAL LQCATIOH, MULTIPLYING FACTOR.
IF (IPMPUT.LT.2) MWRITE (6,930)
N5=4%HDV+9
2=NDVTOT+!
N6=NS5+HDVTOT
M3=MZ+HOVTOT
IF (H6.LE.NOPA) GO TO 140
WRITE (6,780}
WRITE (6,800)
LOCR(251}=N5
GO TO 550
CONTINUE
IF (M3.LE.NDIA) GG TO 150
HRITE {6,810)
HRITE (6,800}
LOCI(25)=M3
G0 TO 550
CONTINUE
DO 160 I=1,NDVTOT
READ (ISCR1,920) IA(H2},IA(I),RAINS)
IF (ABStRA(N5)).LT.1.0E-20) RAIN51=1.0

IF (IPHPUT.LT.2) WRITE (6,940) I,JA(M2),TIA(T),RAINS)

HM2=M2¢1

N5=N5+1

CONTINUE

NCON=0

DATA BLOCK H.

NUMBER OF CONSTRAINT SETS.

READ (ISCR1,920) NCONS

IF (IPMNPUT.LT.2) WRITE (6,1110)

IF (IPNPUT.LT.2) WRITE (6,1120) NCONS

IF (NCONS.EQ.0) GO TO 270

IF (IPHPUT.LT.2) WRITE (6,11301}
N6=4#NDV+NDVTOT+9

HI=2#HDVTOT+)

M4=2¥HOVTOT+NCONS

MaA=HG+Y

L=1

DATA BLOCK I.

DO 240 I=1,NCONS

NHH=H6+3

IF (MHH.GT.NDRA) GO TO 250

GLOBAL NO. 1, GLOBAL NO. 2, LINEAR CONSTRAINT ID.
READ (ISCR),1200) ICONI,JCONI,LCONI

LB, NORM, UB, NORM.

READ (ISCR1,1210) {RA(J),J=N6,NNN)

IF (RA{N6).LE.-1.0E+15) RA(N6)=-1.1E+15
IF (RA(N6+2).GE.1.0E+15) RA{N6+2)=1,1E+15
IF (RAIN6+1).LT.1.0E-20) RA(N6+!}=ABS{RA(NG])
IF (RA(N6+1) . LT.1.0E-20} RA(N6*1)=0.1

IF (RAIN6*3),LT.1.0E-20) RA(N6+3)=ABSIRA(N6+2))
IF (RA(M6+3).LT.1.0E-20) RA(NG6+3)=0.1
HUMBER OF VARIABLES IN THIS SET.
MVAR=JCONI-ICONI+|

IF {(NVAR.LT.1)} NVAR=%

NCOHA=HCOHA+HVAR

HOW MAHY CONSTRAINTS?

J1=0

COPES47%
COPES476
COPES477
COPES478
COFPES479
COPES480

COPES481

COrEs482

COPES483
COPESY484
COPES485
COPES486
COPLSn87
COPES488
COPES489
COPES490
COPES49!

COPES492
COPES493
COPES494
COPESA95
COPES496
COPES497
COPESA98
COPES499
COPES500
COFES501

COPESs02
COPES503
COPES504
COPLS505
COPES506
CORES507
COFES508
COPESS509
COFES510
COPESS11

COPMES512
COPES513
COPES514
COPES515
COPESS16
COPES517
COPES518
COPES519
COPESS520
COPESS21
COPESS22
COPESS523
COPESS524
COPES525
COFES526
COPES527
COFESS28
COPESS29
COPES530
COPESS31

COPES532
COPES533
COPES534

170
180

190
200

210

220

230

240

250

260

270

IF {RATH&).GE.-1.0E*15) J1=1

IF {RACH5+2).LT,1.0E415) J1=J1+1
HCOHI=J1*NVAR

HCON=HCON*NCONI

IF (J1.£E2.0) GO TO 180

ADD LIHEAP COHSTRAINT IDEHTIFIERS TO ISC.
DO 170 J=1,NCONI

Ma=Ha+1

MHM=MG

IF (NMY.GT.MDIA) GO TO 260
TA(HMG)=LCONT

CONTINUE

ADD LB, UB AHD SCAL TO BLU IF MVAR.GT.1.
IF (NVAR.EQ.1) GO TO 200
NVARI1=H/AR-}

DO 190 J=1,NVARI

HHN=N6+7

IF (NMH.GT.NDRA) GO TO 250
RA{N6t4)=RA(NG)
RATHE+5)=RAING+1}
RACH6+6)=RAING+2)
RA(H6+7)=RAING+3)

HNo=HE+4

COHTINUE

CONTINUE

ADD COMSTRAINED VARIABLE GLOBAL IDENTIFIERS TO ICON.

ICOH1=ICONI

HMM=HM4 tHVAR-1

IF (MMM.GT.HOIA} GO TO 260
DO 230 J=1,HNVAR

IF (J.EQ.1) GO TO 220
SHIFT ISC VECTOR.
L1=M4+1

L2=M4

D0 210 K=MGA,M4
IACLY)=IACL2)

Li=Lt-1

Le=L2-1

MG=M4 41

MGA=MGA+]

TA(H3)=ICON1
ICOHT1=ICON1+1

M3=M3+1

COPESS535
CO"FS535
CorLsss?
CCrESs3a
COrcsssn
COPES540
Coressat
coressal
COFESE43
COPESS544
COPES545
COFESS46
COPESS547
COFESS48
COPES549
COFES550
COFESS551
COPESS52
COPESS53
COPESS54
COPES555
COFES556
COPES5S57
COPES558
COPES559
COPES560
COPESS561
COPESS562
COPES563
COPESS64
COPESS565
COPES566
COPESB67
COPES568
COPES569
COPES570
COFES571
COPES572
COPESS573
COPESS574
COPES575
COPESS76
COPESS577

IF (IPHPUT.LT.2) WRITE (6,1100) L,ICONI,JCONI,LCONI,RA(NG},RA(HS+ICOPESS578

1),RA(H642),RALH6+T)

Hé=H6 4

L=HCON*1

COHTINUE

IF (IFHPUT.LT.2) HRITE (6,900) NCONA
GO TO 270

HRITE (6,780}

WRITE (6.,820)

LOCRI25)=HHN

GO TO 550

HWRITE (¢,810)

WRITE (6,820}

LOCI(25)=MHH

GO TO 550

CONTIHUE

STAPTIHG LOCATIONS FOR APPROXIMATION INFORMATION.

COPESSTY
COPES520
COPESSS1
COPES582
COPES583
COPESS84
COPESS85
COPESS86
COPESS587
COPESS508
COPLS58%
COPES590
COPES591
COPESS59L
COPES593
COPCS574
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HAFR=G¥NDV+NDVTOT+4®*HCONA+S
NAPL=2#(NDV+NCONA ) +2#HDVTOT+HCONA+]
NF=0

KHMAX=0

HPTOT=0

MAXTRM=0

IF (NXAPRX.LE.0) GO TO 450

DATA BLOCK J.

CONTROL PARAMETERS.

READ (ISCR1,1200) NF,NPS,MPFS,NPA,INOM,ISCRX,ISCRXF,IPAPRX
IF (NPA.HE.0) NPA=1

IF (NPS.EQ.0.AND.HPFS.EQ.0) NPA=%

IF (ISCRX.EQ.0) ISCRX=HS

IF (ISCRXF.EQ.0) ISCRXF=5

COPES595
COreEssn6
COPES577
COFLS598
COPES599
COPES&00
COPESE0Y

COFES602
COPES603
COPES604
COPESS05
COFES606
COrES607
COFES608
COPES609
COPES610
COPES611

IF (IPHPUT.LT.2) KWRITE (6,600) NF,NPS,NPFS,HPA, INOM, ISCRX,ISCRXF,ICOPES612

1PAPRX

NPSFS=NPS*NPFS

IF (HPSFS.LT.2) NPA=1

NPTOT=NPS+NPFS+tHPA

IF (NPTOT.LT.2) NPTOT=2

READ {ISCR1,1200) KMIN,KMAX,NPHAX,JNOM,INXLOC, INFLOC,HAXTRH
IF (INXLOC.EQ.0) NXAPRX=HDVTOT
H=NXAPRX+ [ HXAPRX#(NXAPRX*1)1/2

IF (NPHAX.LE.O0) NPFMAX=2#M

IF (KHAX.EQ.Q) KMAX=3*H-NPTOT*+{

IF (KMIN.EQ.0) KMIN=2#NDV-NPTOT*{

IF (KMIN.1T.0) KMIN=0

IF {KMAX.GT.0.AND.KMAX.LT.KMIN) KMAX=KMIN
IF (JNOM.ER.0) JNOM=2uH

IF (MAXTRM.LT.1) HAXTRN=3

COPES613
COPESS14
COPES615
COPESH16
COPES617
COPES618
COPES619
COFES620
COPESS21
COPES622
COPES623
COPES624
COPES625
COPES626
COPESH27

IF (IPHPUT.LT.2) WRITE (6,6108) KMIN,KHAX,NPMAX, JHOM, INXLOC, INFLOC,COPESS28

1MAXTRM

DATA BLOCK K, PART 1.

DELX BOUMDS ON APPROXIMATE OPTIMIZATION.
IF (NDV.LE.Q) GO TO 290

N7=NAPR

NN7=N7+HDV-1

IF (NN7.LE.NDRA) GO TO 280

HRITE (6,780)

HRITE (6,560)

CONTINUE

READ (ISCR1,1210) (RALI),I=N7,NN7)

IF (IPHPUT.LT.2) WRITE (6,570)

IF (IPHPUT.LT.2) WRITE (6,1160} (RA(I),I=N7,NH7)
DATA BLOCK K, PART 2.

MULTIPLIERS OH DELX.

READ (ISCR1,1210) XFACT!,XFACT2

IF (XFACTI.LT.1.0E-10) XFACTI=1.5

IF {XFACT2.LT.1.0E-10) XFACT2=2.

IF (IPNPUT.LT.2) WRITE {6,620) XFACT{,XFACT2
CONTINUE

DATA BLOCK 1.

GLOBAL LOCATIONS OF X-VARIABLES.

M5=NAPL

MM5=H5+HYAPRX-1

IF (MM5,LE.NDIA) GO TO 300

HRITE (6,780)

COPES629
COPES630
COrEsSsSH
COPESH32
COPLS633
COFESS 34
COPESHDS
COPESS36
COPESH3T7
COPES638
COPESG39
COPES640
COPESH41
COPES642
COPES643
COPESA44
COFESeds
COFES646
COPES647
COFES648
COPES649
COFESE50
COFES6S5Y
COPESES52
COFESES3
COPIS654

300
310
c

320

330

C ---

340

350

360
370
380

.C---

3%0

WRITE (6,630)

LOCI(25)=iM5

GO TO 550

CCNTINUE

If (INXLOC.EQ.0) GO TO 310

READ (ISCR1,1700) (IA(I),I=M5,MM5)
G0 TO 330

COMTINUE

X-LOCATICHS ARE DEFAULTED TO DESIGN VARIABLE LOCATIONS.
00 320 I=1,HXAFRX

IA(MS)=IAL L)

M5=H541

M5=HAPT

CONTINUE

IF (IPHPUT.LT.2) WRITE (6,640)

IF (IPHPUT.LT.2) WRITE (6,§180) (IA(I),1=M5,MM5)
DATA BLOCK M.

GLOBAL LOCATIOMS OF FUNCTIONS.
ME=HAPT+HXAPRX

MH6=Mb +HF -1

IF (MM6.LE.NDIA) GO TO 340

WRITE (6,730)

WRITE (6,650)

LOCI(25)=tH6

G0 TO 550

CONTINUE

IF (INFLOC.EQ.0) GO TO 350

READ {ISCR1,1200) (IACI),I=M6,HM6)
GO TO 380

CONTINUE

FUNCTION LOCATIONS ARE DEFAULTED TO DBJECTIVE AND CONSTRAINT
LOCATIONS.

NF1=1

M3=2#NDVTOT#

IA{M6)=10BJ

IF (NCOHA.EQ.0) GO TO 370

DO 360 I=1,NCONA

IF (IA(M3).EQ.IO0BJ) GO TO 360

NF1=NF 14}

M6=M6+1

TA(M6)=TIA(M3)

M3=H3+1

NF=NF1{

M&=NAPI+HXAPRX

MH6=M6+NF -1

IF (IPNPUT.LT.2) WRITE (6,660}

IF (IPHFUT.LT.2) WRITE {6,1180) (IA(I),I=H6,HM6)
OATA BLOCK N.

READ IMPUT X-VECTORS AND STORE ON UNIT ISCR2.
REWIND ISCR?2

IF (NPS.EQ.0) GO TO 410

N7=NAPR+NDV

NN7=N7+HXAPRX~1

IF (HN7.LE.NDRA) GO TO 390

HRITE (6,780)

HRITE (6,670}

LOCRI25)=HN7

GO TO 550

CONMTINUE

IF (IPHPUT.LT.2) WRITE (6,680) ISCRX

COPES6SS
COPLT656
COrEses?
COrESés5s
COPES659
COPES669
COPESS6!

Coreseée
COFES663
COPESE64
COPESS6S
COPES66S
COPES667
COPES668
COPES669
COPES670
COPES6T

COPES672
COPES673
COPESé74
COPES675
COPES476
COPES677
COPES678
COPES679
COPES680
COPES68I

COPES682
COPESSLE3
COPES68¢4
COPES685
COPESL86
COPES6B7
copeséses
COPES689
COPES690
COPES691
COPES692
COPESE93
COPES69%
COPES695
COPES696
COPES697
COPES698
COPES699
COFES700
COPESTON

COPESTO2
COPEST703
COPES704
COFES705
COPES706
COPES707
COPES708
COFES709
COPES710
COPES711

COFES712

COPES713
COPES714
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DO 400 I=1,NPS

BINARY READ IF ISCRX.NE.S.

IF CISCRX.NE.5) READ (ISCRX) (RAUJ),J=N7,NN7)
FORHMATTED READ IF ISCRX.EQ.5.

IF (ISCRX.EQ.5) READ (ISCP1,1210) (RA(J},J=H7,NN7)
WRITE (ISCR2) (RA(JI,J=HT7,HNT}

IF (IPNPUT.LT.2) WRITE {6,710) I,I

IF (IPHPUT.LT.2) WRITE (6,31160) {RAIJ),J=N7,HN7}
CONTINUE

CONTIHUE

DATA BLOCK O.

READ IMNPUT X-F PAIRS AND STORE ON UNIT ISCR2.

IF (NPFS.ER.0) GO TO 440

N7=HAPR+NDV

NN7=N7+NXAPRX-1

HNB=N7+NF-1

IF (HN7.GT.NN8) NN8=HN7

IF (NN8.LE.MORA) GO TO 420

WRITE (6,780)

HRITE (6,690)

LOCR(25)=NN8

GO TO 550

COMTINUE

NHB=N7+NF -1

IF (IPNPUT.LT.2) WRITE (6,700} ISCRXF

00 430 I=t,NPFS

X-VECTOR.

BINARY READ IF ISCRXF.NE.S.

IF (ISCRXF.NE.5) READ (ISCRXF) (RA(J),J=N7,NN7)
FORMATTED READ IF ISCRXF.EQ.5.

IF (ISCRXF,EQ.5) READ (ISCR1,1210) (RA(J),J=N7,NN7}
II=I*NPS

IF {IPNPUT.LT.2) KWRITE (6,710} I,II

IF (IPNPUT.LT.2) WRITE (6,720)

IF (IPNPUT.LT.2) WRITE (6,1160) (RA(J),J=N7,HN7)
WRITE (ISCR2) (RA(J),J=N7,NN7)

FUNCTION VALUES.

BINARY READ IF ISCRXF.NE.5.

IF (ISCRXF.NE.5) READ (ISCRXF) (RA(J),J=N7,NN8)
FORMATTED READ IF ISCRXF.EG.5.

IF (ISCRXF.EQ.5) READ (ISCR1,1210) (RA(J),J=N7,NN8)
IF (IPNPUT.LE.2) WRITE (6,730)

IF (IPHPUT.LT.2) WRITE (6,1160) (RA(J),J=N7,NN8)
WRITE {ISCR2) (RA(J),J=N7,NNB)

CONTINUE

CONRTINUE

CONTIMNUE

NSOBJ=0

NSVTOT=0

STARTING LOCATIONS FOR SENSITIVITY INFORMATION.
HSVR=NAFR*NDV

NSVI=HAPI+HXAPRX*+NF

IF (NSV.LE.0) GO TO 500

IF (IPHPUT.LT.2) HRITE (6,1020)
DATA BLOCK P, PART f.

NSOBJ, IPSENS

READ (ISCR1,1200) NSOBJ,IPSENS

COTES715
COFEST716
COPES717
COPES718
COPEST719
COPES720
COreszet
copgEs?22
COFES723
COPEST24
COPEST25
COPES7C6
COPES727
COPES728
COPES729
COPES730
COPES73!
COPES732
COPEST733
COPES734
COPES735
COPES736
COPES737
COPES738
COPES739
COPES740
COPES741
COPES742
COPES743
COPES744
COPES745
COPES746
COPEST747
COPEST748
COPES749
COFES750
COPES75¢
COPEST752
COPES753
COPES754
COPES755
COPES756
COPES757
COPES758
COPES759
COFES760
COPES761
COPES762
COPES763
COPES764
COPES765
COPEST66
COPEST67
COPES768
COPES769
COPES770
COrES771
COPESTT2
COPES773
COPES774

[ XeNeRg Xyl

C --- DATA BLOCK P, PART 2.

MSENSZ.

H15=HSVI

MH15=H15+N50BJ -1

IF (MM15,LE.NOTA) GO TO 460

HWRITE (6,810)

HRITE (6,830)

LOCI(25)=1M15

GO TO 550

CONTIHNUE

READ {ISCR1,1200) (IA(I),I=M15,MM45)
IF (IPNFUT.LT.2) WRITE (6,960) IPSENS,NSOBJ
IF (IPHPUT.LT.2) WRITE (6,950) (IA{I),I=M15,MM15)
IF (IPHPUT.LT.2) WRITE (6,1030)
Ni5=HSVR

M16=NSYI+HS0BJ

H17=M164HSY

DO 490 I=1,NSV

DATA BLOCK Q, PART 1.

ISENS, HSEMS.

READ (ISCR1,1200) IA(HM16),NH1
HHN15=N15+HNT -1

IF (HH15.LE.NDRA} GO T0 470

WRITE (6,780)

WRITE (6,840)

LOCR(Z5)=NN15

GO TO 550

CONTINUE

DATA BLOCK Q, PART 2.

SENS.

READ (ISCR1,1210) (RA(J},J=NI5,NH15)
IF (IPNPUT.GE.2) GO TO 480

JJ=H15+5

IF (JJ.GT.HH15)} JJ=HN15

HRITE {6,1040) I,TAIMI6),{RALJ),J=NI5,3J)
JI=JdH

IF (JJ.LE.NN1B) WRITE (6,1050) {RA(J),J=JJ,NN1I5)
CONTIHUE

NSVTOT=HSVTOT+NN1

IATH17)=NNY

N1G=NN15+1

M16=H16+1

M17=M174+1

COHTINUE

CONTINUE

MZVX=0

M2VY=0

STARTING LOCATIONS FOR TWO-VARIABLE FUNCTION SPACE INFORMATION.

N2VR=NSVR+NSVTOT
N2VI=HSVI+NSOBJ+2%NSY
IF (N2VAR.LE.O) GO TO 540

DATA BLOCK R.

VARIABLE NUMBERS AND NUMBER OF VALUES OF X AMD Y.
READ (ISCR1,1200) NZVvX,MZVX,N2ZVY,HIVY,1P2VAR
H20=N2VR

M20=M2VI

MM20=MCDtNZVAR-1

COPES?775
CCPEST776
COres?77
COFESTT8
COFES779
COPES780
cores7el

COPES7RY
COPES7&3
COPEST784
copcsvas
COFES786
COPES787
COPES708
COPES789
COPES790
COFES791

COPES792
COPEST793
COPES794
COPES795
COPES796
COPESTI7
COPES798
COPES799
COPES800
COPESB01

COPES802
COPESE03
COPES804
COPESB05
COPESB06
COPES807
COPES808
COPESBOT
COPES810
COPESB1!

COPESB12
COPESB13
COresaig
COPESB15
COPESB16
COPES817
coresats
COress19
COFESSZO
coresact

copesaz2
coresazl
copESazy
COPESBCS
COPES8R6
COPESBE7
COPES8I8
CCPES829
COPES830
COPESB31

COPESB32
CoPEsSs3s
COPES834
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IF (HMM20.LE.HOIA)Y GO TC 510
WRITE (6,810)

HRITE (6,850)

LOCIL253=MN20

GO TO 550

CONTINUE

DATA BLOCK S.

GLOBAL VARIABLE NUMBERS CORRESPONDIHNG TO FUMCTIONS OF X AMD Y.

READ (ISCR!,1290) {TA(I),I=M20,MM20)

IF (IPNFUT.LT.2) WRITE (6,1170) IP2VAR

IF (IFHPUT.LT.2) WRITE {6,1180) (IA(I),I=M20,MM20)
OATA BLOCK T.

VALUES OF X COMPONENTS.

HH20=NZO+H2VvX-1

IF (NHZO.LE.MDRA) GO TO 520

HRITE (6,780}

HWRITE (6,740}

LOCPi 25 )=NH20

GO TO 550

READ (ISCR1,1210) (RA(I),I=N20,NN20}

IF €IPNPUT.LT.2) HRITE (6,3140) NavX

IF (IPHFUT.LT.2) WRITE (6,1160) (RA(I},I=N20,NN20)
DATA BLOCK U,

VALUES OF Y COMPONENTS.

N2 1=H20+M2VX

NN21=N21+h2vy-1

IF (NN21.LE.NDRA) GO TO 530

WRITE (6,780)

WRITE 16,750)

LOCR{251=NH2}

GO 70 550

CONTINVE

NH20=NH21

READ (ISCRY,1210) (RAL{YI),I=M21,NM2Y)

IF (IPHPUT.LT.2) WRITE (6,1150) Navy

IF (IPHFUT.LT.2) WRITE (6,1160) (RA{I),I=N21,NHZ1)
CONTINUE

NDV2=NDV+2
REAL VARIABLES.
X

LCCRIT)=1

viB.

LOCRU2)=NDV+3

vue.
LOCR(3)=LOCR(2)*HDV2
SCAL.

LOCR(4)=LOCR( 3)+HDV2
AMULT.

LOCR{5)=1LOCR(4 }*NDV2
BLU.

LOCR(6 )=LOCR{51+HDVTOT
DELX.

LOCR{ 7)=LOCRI6 ) +4*HCONA
LOCR{8)zLOCR(7)+HDV
SENS.

LOCR(15)=LOCR(8)

xXnzv.

COPESRIS
COresase

COresss?
COVESS3B
COPESS39
COPESR40
COrES391

COresase
COPES843
COPESB44
COPESB45
COPESA4s

COFESB47
COPESE48
COTES849
COPES850
COPESE5

COPES852
coresass
COPES954
COPESBSS
COPESASS
COFESEST?
COFESE58
COPESA59
COPES860
COPESE61

COPES862
COPES863
COPES864
COPESBGS
COPESB66
COresse7
COrESaes
COPESB69
COPESST0
COPES371

COFESBT2
COPESB73
COPES8B74
COPES8B75
COPES874
COPESB77
COPES878
COPrESST79
COPLS830
coPES8al

COPES882
COFESB83
COPES884
COPES885
COPEssas
coresaar
COPESA88
COPES389
COPESBSD
COFES8N

COPES892
COPES293
COrES894

LOCR(201=LOCR(151+HSVTOT

THzv.

LOCR(211=LOCRI 201 *#12VX
LOCRI22)=LOCR{ 21 I ¥ HoVY

START OF ENECUTIOH STORAGE.
LOCR(23)=LOCR(22)

INTEGER VARIABLES.

IDSGH.

Locrei=t

HDSGH,

LOCI(2)=HDVTOT+{

ICCH,

LOCI(3)=L0CI(2)+NDVTOT

IsC.

LOCIt4)=LOCI(3)+HCONHA

LOCX.

LOCTI(5)=LOCI(4)#2%(HNDVtNCONA)

LOCF.

LOCIi6)=LOCT(5)+HXAPRX
LOCI(7)=L0CI(6)+NF

HSENSZ.

LOCI{15)=L0OCI(7)

ISENS.

LOCI(16)=LOCI{15)¢NS00J

HSENS.

LOCI117)=L0CTIL 16 ) *NSY
LOCI{18)=LOCI(17)#NSV

H2vZ.

LOCI(20)=L0CI(18)
LOCI(21)=L0OCI{20)+N2VAR

START OF EXECUTION STCRAGE.
1oCI(231=L0C1021)

EXECUTION STORAGE REQUIREMENTS.
HRI=HDV

IF (HACHX1.GT.HRI) NRI=HACMX!
HR2=3WHCON+ 1 2¥NDY +NACHX 1 #(HDV2 FNACHX) } +3¥NRI*12
NI2=HACMX1+Z#NRI+2¥NDV+NCON

NR3=NSV

IFf (NSOBJ.GT.NR3) MR3=HS0BJ

NR4=HZVAR

HRS=NPZ+HP3

HI5=NIC
M=HXAPRX * (HXAPRX# U HXAPRX+1))/2

IF (MAXTRM,LT.3} H=MAXTFH*NXAPRX
HRE=I#UXAFRAX 6 tHOVH 2N NF +MelF
HI6&=HNCONA&*+HXAPRX

NRI=(KHMAX#1-HPTOT }%(HXAPRX+NF+1)

IF (HRI.LT.HR2} NRI=HR2

IF (KMAX.LT.0) NRI=HPTOT#{NXAPRX*NF+{}
NP7=HR6 *KRT

NI7=NTe*HI2

START OF TEMPORARY STORAGE.
LOCR(241=1LACR( 23}

LOCI(24)=L0OCI(23)

IF (MCALC.EQ.2) LOCR(24)=LOCR{23)+HR2
IF {NCALC.EQ.3) LOCRi{24)=LOCRI{23)*HRY
IF (NCALC.ER.4) LOCR(24)=LOCR(23)+NRG
IF {HCALC.EQ.5) LOCR{24)=LOCR(23)NRS
IF (HCALC.£Q.6,AND.KMAX.LT.0) LOCR{24)=LOCR{23)+HR6
IF (HCALC.CQ.6.AND.KIIAX.GY.0) LOCR{24)=LOCRI{23)*NR7

CORESQYS
COFES396
Corcsssz
COFL5898
COFESBI9
COFES900
corcsaot
COPES902
COPESS03
COFES904
COPESR05
COPESH06
COFES?07
COreseos
COPES9D9
COress10
COPESt
CoPES912
COPES913
COPES91G
COPES91S
COPES9t6
COPESIT
COPES9tE
COPES919
COPES9ZD
COPES92)

COPES922
COFES9C3
COPES9C4G
CQPES9TS
COPES9l6
COPES9L?7
COPES9LE
COrES929
COPES930
COPES93
COPES932
COPES933
COrES934
COPES935
COPES936
COPES937
COPES938
COPES939e
COFES940
COPES9H

COFES942
COPES943
COPES944
COPES945
COPES946
CCPESYAT
COPES?IB
COPES949
COPLES?50
COPES951

COPESA52
COPES®?53
COPES9%4



80¢

550

560
570
580
590
600

620

630
640
650
660
670
680
690
700
710
720
730
740

750
760

770

780

790
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IF (NCALC.EQ.2} LOCI{24)=LOCI(23)+NI2 COPES955
IF (HCALC.EQ.5) LOCI(24)=LOCI(23)+NI5 COPES956
IF (NCALC.EQ.6.AND.KMAX.LT.0) LOCI(24)=LOCE{23)*+NI6 COPES957
IF (NCALC.EQ.6.AND.KHAX.GT.0) LOCI(24}=LOCI(23)+NI?7 COFES958
TOTAL STORAGE REQUIREMENTS. COPES959
LOCR(25)=L0CR(24) COPES960
LOCI(25)=L0CI(24) COPES961
IF (NCALC.EQ.5) LOCR{25}=LOCR{251+4#NDV+8 COPES962
IF (NCALC.EQ.5) LOCI(25)=LOCI(25)+2#¥NOBVTOT COPES963

IF (IPNPUT.LT.2) WRITE (6,860) LOCR(23),LOCR(25),NORA,LOCI(23),L0CCOPES964

11(25),NDIA COPES965
CONTINUE COPES946
RETURN COPES967
------------------------------------------------------------------ COPES968

FORMATS COPES969
------------------------------------------------------------------ COPES970
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK K) COPES971
FORMAT (//5X,43HDELTA-X BOUNDS FOR APPROXIMATE OPTIMIZATIOM) COPES972
FORMAT (80A%) COPES973
FORMAT (I5/80A1) COPES974
FORMAT (///5%,49H® @ APPROXIMATE ANALYSIS/OPTIMIZATION INFORMATIONCOPES97S

1//5X,3BHNUMBER OF FUNCTIONS APPROXIMATED, NF =,I5/5X,38HNUMBER OF COPES97é
2INPUT X-VECTORS, NPS =,15/5X,38HNUMBER OF INPUT X-f PAIRS, COPESS77
3 NPFS =,15/5X,38HX-VECTOR FROH ANALIZ, NPA =,15/5X,3COPES978
4BHNOMINAL DESIGN, INOM =,I5/5X,38HREAD UNIT FOR X-COPES979
5VECTORS, ISCRX =,15/5X,38HREAD UNIT FOR X-F PAIRS, 1SCRCOPESS80
6XF =,15/6X, 36HPRINT CONTROL, IPAPRX =,15) CorES9Bt
FORMAT (/5X,38HHINIMUM APPROXIMATING CYCLES, KHMIN =,15/5X, 38HMAXCOPESS82
1IMUM ARPPROXIMATING CYCLES, KMAX =,15/5X,38HHAXIHUM DESIGHS USED COFES983

2IN FIT, NPMAX =,15/5X,38HNOMINAL DESIGN PARAMETER, JNOM =,COPES984
3I5/5X,38HX-LOCATION INPUT PARAMETER, INXLOC =,15/5X,38HF~-LOCATICCOPESY85
4N INPUT PARAMETER, INFLOC =,15/5X,3BHTAYLER SERIES I.D. CODE, COPES986
5 HMAXTRM =,I5) COPESS87
FORMAT (/5X,38HMULTIPLIER ON DELX, XFACT! =,Et2.4/5X,38HCOPES988
THULTIPLIER ON DELX, XFACT2 =,£12.4) COPES?89
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK L) COPES990
FORMAT (//5X,31HGLOBAL LOCATIONS OF X-VARIABLES) COPES99N
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK M) COPES992
FORMAT (//5X,294GLOBAL LOCATIONS OF FUNCTIONS} COPES993
FORMAT (/5X,27HUNABLE YO READ DATA BLOCK N) COPES994
FORMAT (//5X,25HX-VECTORS INPUT FROM UNIT,I5) COPES995
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK 0) COFES996
FORMAT (////5X,25HX-F PAIRS INPUT FROM UNIT,I5) COPES997
FORMAT (//5X,6HNUMBER,15,5%,6HDESIGN, 15} COFES998
FORMAT (/5X,8HX-VECTOR) COPES999
FORMAT (/5X.15HFUNCTION VALUES) COFE1000
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK T} COPE100)
FORHAT (/5X,27HUNABLE TO READ DATA BLOCK U) COPEt002

FORMAT (/5X,58HCONMIN PARAMETERS (IF ZERO, CONMIN DEFAULT WILL OYECCPE1003
1R-RIDE)//5X,6HIPRINT, 2X,5HITHAX, 3X, 6HICNDIR, 3X, SHNSCAL, 3X,4HITRM, 3COPE1004
2X,6HLINDBJ  2X, 6HNACHX S , 3X, GHNFDG/B818) COPE1005

FORMAT (/6X,4HFDCH,12X,5HFDCHM, 11X, 2HCT, 14X, 5HCTMIN/1X,4(2X,E14.5)COPEY1006
1//76X,3RCTL, 13X, 6HCTLMIN, 10X, 5HTHETA, 11X, 3HPHI/1X,4(EX,E14.5)//6X,6COPE1007
2HDELFUN, 10X, 6HDABFUN, t0X,6HALPHAX, 10X, 6HABOBJ1/1X,4(2X,E14.5)) COrE1008

FORMAT {//5X,54HREQUIRED STORAGE IN ARRAY RA EXCEEDS AVAILABLE STOCOPE1009

1RAGE) COPE1010
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK F) COPE10Q1?
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK G) COFE1012

FORMAT {//5X,54HREGUIRED STORAGE IN ARRAY IA EXCEEDS AVAILABLE STOCOPE1013
1RAGRE ) COFE1014

8co
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860

870

1.1}
490
900
910

920
930

940
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970

980

990
1000
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1p20
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1080

L1090
<1100
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1120
1130

FORMAT (/5X,27HUNABLE TO READ DATA BLOCK I) cortEtols
FORMAT {/5%,27HUNABLE TO READ DATA BLOCK P} COrEt016
FORMAT (/5X,27HUNABLE TO READ DATA BLOCK Q) COmEN1017
FORMAT (/5X,271{UIABLE TO READ DATA BLOCK R) COPE1O1IB
FORMAT (////5%,39H# ® ESTIMATED DATA STORAGE REQUIREMENTS//15X,4HRCOPE1019
1EAL, 26X, THINTEGER/5X,27HINPUT  EXECUTION AVAILABLE,5X,27HINPUT ECOPE1020
2XECUTION AVAILABLE/IS,2I10,2X,31101 COPE1O2Y
FORMAT (1H1,4X,27HCARD IMAGES OF COHTROL DATA///5X,4HCARD,20X,5HIMCOPE1022
1AGE) COPE1023
FORMAT (1HO) COPE1024
FORMAT (18,1H),2X,80A1) COPE102S
FORMAT (/5X,404TOTAL NUMBER OF CONSTRAINED PARAMETERS =,1S) COPE1026
FORMAT (//5X,26HCALCULATION CONTROL, NCALC/5X,S5HVALUE,3X, 7HMEANINGCOPE1027

1/7X,1H1,5%, 15SHSINGLE AHALYSIS/7X.1H2,5X,12HOPTIMIZATION/7X,1H3,5X,COPE1028
214HSENSITIVITY/7X, 1H4,5N, 27HTHO-VARIABLE FUNCTION SPACE/7X,{H5,5X,COPE1029
319HOPTIMUM SENSITIVITY/7X,1H6,5X,24HAPFROXIMATE OPTIMIZATION) COPET030
FORMAT (21t0,F10.2} COPE1031
FORMAT (//5X,16HDESIGN VARIABLES/{1X,5HD. V.,5X,6HGLOBAL,4X,11HMULCOPEI032

1TIPLYING/5X,2HI0, 5%, 3HND. ,5X,8HVAR. NO.,5X,6HFACTOR) COPE!IO033
FORMAT (217,5X,15,6X,E12.5} COPE1034
FORHMAT (5X,161%) COPE1035

FOPMAT (/5X,34HPRINT COHTROL, IPSENS =,15/5X, 34HNUMBER COPE1036
10F SENSITIVITY OBJECTIVES =,I5//5X,53HGLOBAL HUMBERS ASSOCIATED WICOPE!Q37

2TH SENSITIVITY OBJECTIVES) COPE1038
FORMAT (1M1,///7/7,5%,47HCCCCCCC 0000000  PPPPPPP  EEEEEEE  SCOPE1039
1555555/5X,47HC 0 o P P /5%X,47COPE1040
2HC ¢} o P P E /75X 47HC OCOPE1041
3 0O PPPPPPP  EEEE 555555S/5X,47HC [¢] 0 P COPE1042
4 £ S/5X,47HC 0 0o P E COPE1043
5 $/5X,47HCCCCCCC  00000OD P EEEEEEE  S5S55SSSCOPE1044
61 COPE1045
FORMAT (/////16%,29HC ON TR O L P R O G R A N//26X,5HF O R//8XCOPE1046
1, 4fTHENG INEERING SYNTHESTIS) COPE1047
FORMAT (////7/726X,9HT 1 T L E//5X,20A4) COPE1048
FORMAT (1H1,4X,6HTITLE:/5X,2044) COPE1049
FORMAT (///5X,19HCONTROL PARAMETERS;/5X,42HCALCULATION CONTROL, COPE1050
1 NCALC =,I5/5X,4CHNUMBER OF GLOBAL DESIGN VARIABLES, COPE1051

2NDV =,I5/5X,42HHUNBER OF SENSITIVITY VARIABLES,
JHNUMBER OF FUNCTIONS IN THO-SPACE,
4ROXIMATING VAR.

NSV =,15/5X,42COPE1052
N2VAR =,15/5X,42HHUHBER OF APPCOPE1053
NXAPRX =,15/5X,42HINPUT IMFORHMATION PRINT CODCOPE1054

5E, IPNPUT =,15/5X,42HDEBUG PRINT CODE, IPDBG COPEIO55
6=,15) COPE1056
FORMAT (////5X,27H% % SENSITIVITY INFORMATION} COPE1057

FORMAT (/14X,6HGLOBAL,4X, 7HNOMINAL/5X, 6HHUMBER, 2X, BHVARIABLE,4X,5HCOPE!1 058

1VALUE,6X,18HOFF-NOMINAL VALUES) COPE1059
FORMAT (5X,14,18,5X,E12.5,1X,5E11.4) COPE1060
FORMAT (35X,5E11.4) COPE1061
FORMAT (4F10.2,10A4) COPE1062

FORMAT (////5%,28H% % OPTIMIZATION INFORMATION//5X,35HGLOBAL VARIACOPEIQ63
1BLE NUMBER OF OBJECTIVE,10X,1H=,I5/5X,46HMULTIPLIER (NEGATIVE INDICOPE1064
2CATES MININIZATION) =,E12.4) COPE1065

FORHAT {/5%,27HDESIGN VARIABLE INFORMATION/S5X,50HNOH-ZERO INITIAL COPE1066
1VALUE WILL OVER-RIDE MODULE INPUT/5X,5HD. V.,5X,5HLOWER,10X,5HUPPECOPE1067
2R, 9X, 7RINITIAL/5X, 3HNO. , 7X, 5SHBOUND , 10X, 5HBOUND, 10X, SHVALUE , 10X, 5HSCOPE1068

3CALE) COPE1069
FORMAT (I8,4X,E12.5,3X,E12.5,3X,€12.5,3X,E12.5,5A4) COPE1D70
FORMAT (18,17,218,5X,E12.5,3X,E12.5,3X,E12.5,3X,E12.5) COPE1071
FORMAT (//5X,22HCONSTRAINT INFORMATION) COPE1072
FORMAT (/5X,9HTHERE ARE,I3,16H CONSTRAINT SETS) COFE!1073
FORMAT (11X,6HGLOBAL, X 6HGLOBAL, 2X,6HLINEAR,6X,5HLOWER,6X, 1 3HHORMCOTE1074
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TALIZATION,6X,5HUPPER ,6¥, 1 3HNORMALIZATION/6X, 2HID . 3X,6HVAR, 1,2X,6HCOPE1075
2VAR. 2,64X,THID,B8X,5HBOUND,9X,6HFACTOR, 10X, 5HBOUND , 9X, 6HFACTOR) COPE1076
FORMAT (//5X,49HGLOBAL VARIABLE NUMBER CORPESIOMDING TO X, M2VX =,COPE1077
115//5%,20HVALUES OF X-VARIABLE) COPrE1078
FOPMAT (//5X,494GLOBAL VARIABLE NUMBER CORRESPOHDING TO Y, N2VY =,COPE1079
115//5X,20HVALUES OF Y-VARIABLE) corE1080
FORMAT (3X,5E12.4) COPE1081
FORMAT (////5X,511H% » THO-VARIABLE FUNCTION SPACE MAPPING INFORMATCOPE!I082
1ION//5X,23HPRINT CONTROL, IP2VAR =,15//5X,5CHGLOBAL VARIABLE NUMBECOPE!1083

2RS ASSOCIATED WITH F(X,Y), M2VZ) COPE1084
FORMAT (5X,10I5) COFE1085
FORHMAT (2044} COPE1086
FORMAT (6110} COPE1087
FORMAT (8F10.2) COPE1088

FORMAT (///5X,26H% #* % INPUT ERROR, HCALC =,I2,2X,41HIS LY.0 OR GTCOPEL0B9

1.6 PROGRAM TERMINATED ® ¥ x) COPE1090
END COPE1091

SUBROUTIME COPED2 (ARRAY,RA,IA,MARRAY,NDRA,NDIA) COPE1092

COMMON /CHMH1/ DELFUN,DABFUN,FDCH,FDCHM,CT,CTMIN,CTL,CTLHIN, ALFHAXCOPE 1093

1,ABOBJ1,THETA,0BJ,NOV,HCON,H5IDE» IPRINT,NFDG,NSCAL, LINOBJ, ITHAX, ITCOPE109%
2RM, ICNDIR, IGOTO,NAC, INFO, INFOG, ITER COPEt095
COMMON /COPES3/ SGNOPT,NCALC,I0BJ,NSV,HSCBJ,HCONA N2VX,M2VX,N2VY ,HCOPE1096

12VY,N2VAR, IPSENS, IP2VAR, IPDBG,HACHX1 ,NDVTOT, LOCP(25),L0CI(25), ISCRCOFE1097
21,I5SCR2NXAPRX,NPS,NPFS,HPA,NF , IHOM, IPAPRX,KHIH, KMAX, XFACT1,XFACTZCOPE1098
3,NAN2Z,NAN3, NPHAX, NPTOT, JHOM, HAXTRH COPE109%9
DINENSION ARRAY{NARRAY}, RA(NDRA}, IA(NDIA) COPE1100

FEOENIE NI I NN M PN M N M NN RN NN DA ENR SRS AN NA NN RN W ERNCOPE] 1O

ROUTINE 7O CONTROL OPTIMIZATION. COPE1102

LR LR T Yy T e I T s ]l AR k)

BY G. N. VANDERPLAATS MAR., 1973, COPE1104
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. CCPE1105
------------------------------------------------------------------ COFE1106

ARRAY DIMENSIONS Carett1o7

COPE1108

NNf=NDV+2 COFE1109
NN2=2*¥NDV+NCON COPEN110Q
NHI=NACHX COTEtLI1Y
NH4=NN3 COFE1112
IF (NDV.GT.NN%) NN4G=HDV COPEf113
NNS5 =2 #NH¢G COPE1 14
NH6=HDVTOT COPEN115
NH7=NCONA COPE1116
------------------------------------------------------------------ COPE1117

COoPEtY1LtE
COPE1119

X, VLB, VUB, DF, A, S, Gt, G2, C, B, SCAL, ISC, IC, MS!

COPEV120
HX=1 COPE112%
NVLB=LOCR{2) COrE1Y22
NVUB=LOCR(3) COFE1123
HHSCAL=LOCR{ %) COFE1124
NDF=LOCR(23) COPET125
HG=MDF +MH COPE1126
NA=NG #NH2 COPE1127
NS=HA+NH1»NN3 corgvi1cs
NGNS +ENY COPE1129
NG2=NG 1 +HN2 COPE1130
HC=NG2+HN2 COPEN1 31
NB=HC*+HH4 COPE1132
NISC=LOCIt4) COPE1133
NIC=LOCI(23)} COPEL 134

oMo

-0

OO0 O0O00

Nnooon

HHSt=HIC+HN3 COrE1135
AMULT, BLU, IDSGN, NSDGN, ICON COPE1135%
HAMULT=LOCR(S) COPE1137
NBLU=LOCR( A1 copet13s
HIDSGH=1 COPE1139
HHDSGH=LOCI(2) cargiiao
NICCH=LOCI(3} COrg1141
------------------------------------------------------------------ COPEV142
OPTIMIZATION COPEt163
------------------------------------------------------------------ COPEY 144
I1G0T0=0 COPE1145
CALL CORMIN (X,VLB,VUB,G,SCAL,DF,A,5,61,62,B,C,ISC,IC)NS1,NT,H2,N3COPET 146
*,NG,N5) COPEtY47
COMTIHUE corettas

CALL COMHIN (RACNX},RACHVLE),RA(NVUB],RALHG ), RACHHNSCALY,RACHDF },RACOrEL149
1(HA),PALHS),RA(NGY ), RA(HG2),)RA(HD),RALHCY, TACHISC), TACNIC), IA(NISICOPET1 150
23, N1 HN2, HS HHSG, HHS ) COPEN151

ANALIZE. COPES152

CALL COPEO3 (ARRAY,HARRAY,RALNX),RALNG),RAINAMULT),RATNBLUY, TA(NIDCOPE1153

1SGH), TATHMDSCH) , TACHICON ), HN1,HN2 , HH6 W N7, ITER, OBJ } COPEIYISG
IF (IGOTO.GT.0) GO TO 10 COPE1155
RETURN COFE1156
EHD COPEt157

SUERQUTIME COPEO3 (ARRAY,HARRAY,X,G,AMULT,BLU,IDSGH,HDSGN,ICON,NHICOPET158
1,HN2,HHS N7, ITER,0BJ) COPE1159
COMMON /CCPES3/ SGHOPT,HCALC,10BJ,HSY,HSOBJS,HCOHA N2V, H2ZVX,N2VY, HCOPEL160
12VY,H2VAR, IPSENS, IPCVAR, IPDBG, NACHX1 ,NOVTOT, LOCR(25),LOCK(25), ISCRCOPE1 161
21, ISCR2,NXAPRX HPS,NPFS,NPA,NF, TNOH, IPAPRX, KMIN,KHAX , XFACT! , XFACTECOPET 162

3,HAN2 ,HAN3, HPMAY,NPTQT , JHOH, MAXTRM COPE1163
DIMENSION ARRAY{MNARRAY}, X(MH1), G(NH2), AMULTINMG6), BLU{G4,HN7) COPE1164
DINMEMSION IDSGH{HNG), HOSGH(HNG), ICCHINNT) COPE1 1465

NN U UMM D e NN NN RN MR N NN NN RRNCOPEL | 66

BUFFER BETWEEN COMMIN AND COPES FUHCTION EVALUATION. COPE1167
HAUBUE RSB N P BAU N RSN W RN AR E R NN NSRRI AR AN NU RN NNk A UUCOTEL 168

BY G. H. VANDERPLAATS MAR., 1973. COPE1169
NASA-AMES RESEARCH CLHTER, MOFFETT FIELD, CALIF. COPEt170
IHITIAL ANALYSIS HAS BEEM DOHE. IF ITER = 0, GO EVALUATE COPELET7Y
OBJECTIVE AND CONSTRAINTS. CORE1172
IF (ITER.EQ.0) ITER1=0 COPES173
IF {ITER.LT.1) GO TO 40 COPE1176

- COPE1175

COPE1176

COPE1177

DEBUG OUTPUT AS FERUIPED. COPEL178
IF (IFDBG.LT.1) GO TO 20 COPE1179
IF (ITER.EQ.ITEP!.OR.ITER.LE.1) GO TQ 20 COPL1180
XSAV2=X(1) coreEY 181
X1 )I=X5AVY COPEY 182
H5=LOCR(5) COPE1183
M2=LOCIt2) COPE1184
DO 10 I=1,HDVTOT COPE1185
N=HDSGHIT) COFE118%
H=I0S"HI ) COPET187
IF (N.GT.0) ARRAY(M)=X{NI*AMULT(I) corL1188
CONTINUE COME1189
ICALC=3 COFE1190
MAN3:HANZ 4 COrE1191
CALL ANALIZ {ICALC) COrEr192
WRITE (6,70) CORE1YS3
ITERI=ITEP COPL1194
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X(1)=XSAv2 COPE1195
CONTINUE COFE1196
------------------------------------------------------------------ COFE1197
TRANSFER DESIGH VARIABLES TO USER APRAY COPE1198
------------------------------------------------------------------ COPET199
N5=LOCR(5) COPE1200
M2=L0CI(2) COPE1201
DO 30 I=1,HDVTOT COPE1202
N=NDSGNI(I) COPE1203
H=IDSGH(T) COPE1204
IF (M.GT.0) ARRAY(M)=X{N)#AMULT(I) COPE1205
CONTIHNUE COPE1206
COPE1207

COPE1208

COPE1209

ICALC=2 COPE1210
NAN2=NAN2+1 COPEt21t
CALL AMALIZ (ICALC) CoPEt212
SAVE X{1). COPE1213
XSAVI=X(1) COPE1214
------------------------------------------------------------------ COPE1215
OBJECTIVE Corerzieé
------------------------------------------------------------------ COPE1217
CONTINUE COPE1218
0BJ=-SGHOPT*ARRAY(IO0BJ) COPEt1219
IF (NCOMA.EQ.0) RETURN COPE1220

copet1221
COPE1222
COPE1223
COPE122%
COPEf225

DO 60 I=1,NCONA COPE1226
PARAMETER IDENTIFIER. COPE1227
NH=ICON(I) COoPE1228
CC=ARRAY(NN) COPE1229
LOWER BOUND. COPE1230
BB=BLU(I1,T) COPE1231
IF (BB.LT.-1.0E*15) GO TO 50 COPE1232
NORMALIZATION FACTOR. COPE1233
Ci=BLU(2,1) COPET234
CONSTRAINT VALUE. COPE1235
N=N*+{ COPE1236
G(N)=(BB-CC)/C1 COPE1237
UPPER EBOUHD. COPE1238
BB=BLU(3,1) COPE1239
NORMALIZATION FACTOR. COPE1240
C1=BLUL4, 1) COPE1241
J=J+4 COPEt242
IF (BB.GT.1.0E+15) GO TO 60 COretzae3
CONSTRAINT VALUE. COPE1244
N=N+1 COPE1245
GiN)=(CC-BB)/CI COPE1246
CONTINUE COPE1247
RETURN COPE1248

COPE1249
------------------------------------------------------------------ COPE1250

FORMATS COPE125t
------------------------------------------------------------------ COPE 1252
FORMAT (1H1) COPE1253
END COPE1254

o000 n

o000

(al

o000

SUDROUTIMNE COPEQ4 {ARRAY,MARRAY,SENS,HSENSZ,ISENS,HSENS,TEMP,NHB,NCOPE1255
1N9,HN10,RA, JA,HORA,NDIA) COFE1256
CorMon /COPESY/ TITLE(ZO) COFE1257
COHMOH /COPES3/ SGHOPT,HCALC,I0BJ,HSV,H50BJHCONA,N2VX,H2VX,H2VY ,HCOPE1L58
12VY,H2VAR,, IPSENS, IP2VAR, IPDBG,NACHX1,MOVTOT, LOCR( 25}, LOCI( 25}, ISCRCOPE1259
21,ISCP2,NXAPRX,NPS,HPFS,NPA,NF , THOM, IPAPRX ,KHIN,KMAX ) XFACT1 , XFACTZCOPE1260
3,NAH2, NAN3, NPMAX  HPTOT , JHOH, MAXTRM COrE1261
COMMOH /CHMN1/ DELFUH,DABFUM,FDOCH,FOCHM,CT,CTHIMN,CTL,CTLHIN,ALPHAXCOPELZ62
1 ABOBJ1, THETA,08J,NOV,HCON,HSIDE, IPRINT ,NFDG,NSCAL, LINOBJ, ITMAX, ITCOPE1 263
2PM, ICHNDIR, IGOTO,HAC, INFO,INFOG,ITER COPE1264
DIMENSION ARRAY(MARRAY), SEHS(HN8), NSENSZ(NN9), ISENS(NH10), NSENCOPE1265
1S(HN1D), TEMP(1), RA(HDRA), IACNDIA) COPE1266
DTN U AN NN OB X O 0 DO DI O IO U RN MMM N NN N UNNCOPESI 267
ROUTINE TO PROVIDE SENSITIVITY IMFORMATION WITH RESPECT TO COPE1268
A PRESCRIBED SET OF DESIGH VARIABLES. COPE1269
OO U0 O 0K B 6D 06 06 0 06 B D36 000 B AN NN MM NN AN N NN NUNCOPELI 270

BY G. N. VANDERPLAATS MAR., 1973. COPE1271
STCRE OUTFUT ON UNIT ISCRI1, CoPE1272
REWIND ISCPt COPE1273
IF (IPDBG.LT.1) IPRINT=0 COPEt274
------------------------------------------------------------------ COPE$275
WRITE BASIC INFORMATIOH ON UNIT ISCRH COPE1276
------------------------------------------------------------------ COPEY277
TITLE. COPEt278
WRITE {ISCRt,330) (TITLE(I),I=1,20} COPE1279
NCALC, NSV, NSOBJ COPE1280
WRITE (ISCR1,340) NCALC,NSV,NSOBJ COPE1281
ISENS({I),I=1,HSV. COPEt282
HRITE (ISCR1,340) (ISENS(I),I={,NSY} COPE1283
NSENSZII),I=1,NS0BJ, COPE1284
WRITE (ISCR1,340) (NSENGZ(I),I=t,NSOBJ) COrE1285
JCALC=3 COPE1286
ICALC=2 COPEt287
HDVSAV=HDV COPEt1288
------------------------------------------------------------------ COPE1289
LTTT IR EE Y NOMINAL HunununwNXCOPEL 290
------------------------------------------------------------------ COPE1291
IF (NCALC.EQ.5) GO TO 10 CoPE1292
STANDARD SEHSITIVITY, COPE1293
HAHZ=NAN2+1 COPE1294
CALL ANALIZ (ICALC) COFPE295
IF {IPSENS.GT.0) NAN3=NAN3+1{ COPE1296
IF (IPSENS.GT.0) CALL AHALIZ (JCALC) COPE1297
GO TO 130 COPE1278
CONTINUE COPE1299
OPTINMUM SENSITIVITY. COPE1300
SAVE X, VLB, VUB AND SCAL IN TEMPORARY STORAGE. COFE1301
N=4vHDV+8 COPEt302
L=L0CR(24) COPE1303
DO 20 I=1,H COPE1304
RA(L)=RA(I) COPE1305
L=Lt1 COPE1306
SAVE IDSGN AND HDSGN IN TEMPORARY STORAGE. COPE1307
N=2«NDVTOT COPE1308
L=1.0CI(24) COPE1309
DO 30 I=1,H COPE1310
IACL)=IA(I) COPE13Y
L=0+1 COPE1312
SHIFT DESIGN VARIABLE INFORMATION IF ANY SENSITIVITY VARIABLE IS COPE13t3
ALSO A DESIGN VARIABLE. COPEt314



TTC

40

50

oo

60

70

80
90

100

-110

NDV2=HDV+2

00 90 I=1,HSV

GLOBAL SENSITIVITY VARIABLE LOCATION.
N=ISENS(I)

IS THIS ALSC A DESIGH VARIABLE.

H2=L0CI(2)

00 40 J=1,HOVYOT

L=IA(J)

IF {L.EQ.N} GO TO 50

H22M2+1

SENSITIVITY VARIABLE XS NOT A DESIGN VARIABLE.
G0 TO %0

CONTINUVE

SENSITIVITY VARIABLE IS ALSO A DESIGN VARIABLE.
NDV=HDY-1

IDV=IA(N2)

ELIMINATE THIS DESIGN VARIABLE AND REDUCE HIGHER NUMBER DESIGN
VARIABLES BY ONE.

H2=LO0CI(2)

00 70 J=1,NOVTOT

IF (IA(M2).NE.IOV) GO TO 60

IA(H2)=0

SET DESIGN VARIABLE VALUES TO SENSITIVITY VARIABLE VALUE.
K=IA(J)

H5=LOCR(5)+J-1

ARRAY(K)=ARRAY(N)#RA(MS)

CONTINVE

IF (IA(M2).GT.IDV) IA(H2)=TA(M2)-1

H2=p2+y

IF (IDV.EQ.NDY) GO TO 90

SHIFT X, VLB, VUB AHD SCAL.

00 80 J=IDV,NDV

X.

RA(J)I=RA(J*Y)

YyLB.

K=J+NDV2

RALK)=RA(K*+1)

yus.

K=K+NOV2

RA(K)=RA(K*1)

SCAL.

K=K+HDV2

RA(K)=RALK*1)

COMTINHUE

NAHZ2=NAN2 41

CALL AMALIZ (ICALC)

IF (HOV.LE.0) GO TO 100

CALL COPEO2 (ARRAY:RA,IA,HARRAY,HDRANDIA)
COHTINUE

IF (IPSENS.GT.0) HAH3=MAH3I*+|
IF (IPSENS.GT.0) CALL AHALIZ (JCALC)
PUT X, VLB, VUB AND SCAL BACK.
L=LOCR(R4)

RECRHINETALL:)

00 110 I=1,H

RACII=RALL)

LzL+d

PUT IDSGN AND HDSGH DACK.
H=2xlOVTOT

L=L0CI(24)

COPE1315
COPE1316
COPEI3N?
COPE1318
COPREL319
COPE1320
COFEt321
COPE1322
COPEt323
COPE1324
COPE1325
COPE1326
COPE1327
COPE1328
COPE1329
COPE1330
COPE133}
COPE1332
COPE1333
COPE1334
COPE1335
COPE1336
COPE1337
COPE1338
COPE1339
COPE1340
COPE 1341
COPE1342
COPE1343
COPE1 344
COfEY 345
COPE1346
COPEL347
COPE1348
COPE1349
COPE1350
COPE1351¢
COPE1352
COPE1353
COPE1354
COPE1355
COPEYIBG
COPE1357
COPEL 358
COPE1359
COPE1360
COPE1361
COPE1362
COPE1363
COPE1364
COPL1365
COPE1366
COPE1367
COPE1368
COPE13L9
COPE1370
COPEA3TY
COPE1372
coret3ssl
core1374

120
130

onoo0

160

170

c
c
c

DO 120 I=1,N COPE1375
TA{I)=IALL) COPE1376
=Ly COFEI377
CONTINYE COPC1370
---------------------- ~--=COPE1379

H2ITE HOHIMAL RESULTS ON UNIT ISCRt COPE1380

------ === Smmeemsessmmssseossecne——ee-e=COPL 1304

SENS(I.1). copPEt3ng
=1 COPE1383
D0 140 I=f,NSV COFE1334
TEMP(I)=SENS(H) COFE!385
H=H+HSENS(I) COPE13C6
HRITE (ISCR1,350) (TENP(I),I=1,NSV) COPE1307
SENSITIVITY CBJECTIVES, 0BJZ. COPE1388
DO 150 I=1,HS0BJ COPE1389
H=NSENSZ(Y) COPE1390
TEHP( X )=ARRAY(M) COPE1391¢
WRITE {ISCR1,350) (TEMP(X),1=1,N500J) COPE1392
- COPE1393

bLLALLL L L] SENSITIVITIES WRunURARNNCOPES 394
sesessessuc—eco- -=--COPE1395

NSVALt=0 COPE1396
DO 320 II=1,NSV COPE1397
GLOBAL LOCATION OF SENSITIVITY VARIABLE, COPE1398
ISENSV=ISENS(II) COPE1399
HUMBER OF SEMSITIVITY VARIABLES, MSENSV, COPE1400
NSENSV=HSENS(II} COPE1401
HRITE ISEHSY AHD HSENSV-1 ON UNHIT ISCRI. COPE1402
NSENSI=HSLHSV-1 COPE1403
HRITE (ISCR1,340) ISENSV,NSENSI COPE1404
IF (NSEHSV.LE.1) GD TO 320 COPE1405
ID1=0 COPE 1406
IF {HCALC.ME.5) GO TO 210 COPE1407
IS THIS SEMSITIVITY VARIABLE ALSO A DESIGN VARIABLE, COPE{1408
NOV=NOVSAV CORE1409
00 160 I=1,NDVTOT COPE1410
Ju=1 COPEt4tY
IF (IA(X).EQ.ISEHSY) GO TO 170 coPEIG12
CONTIHUE COPE1413
ISENSY IS NOT A DESIGN VARIABLE, COPE1414
GO TO 210 COPEt1G1S
COHTIHUE COPEt416
ISENSV IS A DESIGN VARIABLE. HODIFY OPTINIZATION INFORMATION. COPE1417
HDVE=HDV+2 COPE1418
HDV=NDV-~1 COPE1419
SAVE ¥, VLB, YUB AHD SCAL FOR THIS DESIGN VARIABLE AMD SHIFT COPE1G20
REMAIHING VARIABLES. COPE1421
SAVE, COPE14C2
HM2=L0CI{2)+JU~1 COPE1423
ID1=IAIR) COPE1424
SAVX=RA(ID1) COPE1425
K=ID1+NDV2 COPE1426
SAVL=RA(K} coret1427
K=K+NDV2 COPE1428
SAVU=RALK) COPE1429
K=K tHDVT COPE1430
SAVSZRAIK) COre1a3
SHIFT COPEt1432
IF (101.G7.HOV) GO TO 190 COPE1433
00 180 I=1D1,HDV COPL1434



Z1e

180
190

200

210

220

230
240

RACT)=RA(I*{)

K=I+HDV2

RA(K)=RA(K*1)

K=K+KDV2

RACK)=RA{K*+1)

K=K+NDV2

RA(K)=RA(K+$)

CONTIHUE

HODIFY HOSGN.

H2=L0CT(2)

D0 200 I=1,NOVTOT

IF (IA(M2).EQ.IDY) IA(M2)=0
IF (IA(H2).GT.ID1) TA(M2)=IA(M2)-1
HM2=H24{

CONTINUE

COPE143S
COPE1436
COPE1437
COPE1438
COPE1439
COPE1440
COPE144G]
COPE1442
COPE1443
COPE1444
COPE1445
COPEt446
COPE1447
COPE1448
COPE1449

NSVAL1=HSVALI1+1

HSVALN=NSVAL1

DO 280 JJ=2,NSENSY

NSVALI=NSVAL1+1
ARRAY(ISENSV)=SENS(NSVALY)

HRITE SENS(I,J) ON UNIT ISCRI.

HRITE (ISCR1,350) SENS(NSVALY)
ANALIZE.

IF (NCALC.EQ.5) GO TO 220

STANDARD SENSITIVITY.

NAN2=NAN2+§

CALL ANALIZ (ICALC)

IF (IPSENS.GT.0) NAN3=NAN3+1{

IF (IPSENS5.GT.0) CALL ANALIZ (JCALC)
GO TO 260

CONTINUE

OPTIMUM SENSITIVITY,

IF (NOV.EQ.NDVSAV) GO TO 240

SET LINKED DESIGN VARIABLE VALUES TO PRESCRIBED VALUE.
H2=LDCI(2)

DO 230 I=1,NDVTOT

IF (YA{H2}.NE.0) GO TO 230

L=TA(I)

M5=LOCR(5)+]1-1
ARRAY{L)=ARRAY(ISENSY)¥RA(MS)
Ha=H2+1

CONTIRUE

HANZ=NAN2+1

CALL ANALIZ (ICALC)

IF (NDV.LE.D) GO TO 250

CALL COPEO2 (ARRAY,RA)IA,NARRAY,NDRA,NDIA)
CONTINVE

IF (IPSENS.GT.0) NAN3=MHAN3I+{

IF {IPSENS.GT.0) CALL ANALIZ (JCALC)
CONTINUE

KRITE SENSITIVITY RESULTS ON UNIT ISCR1

0BJZ.

D0 270 I=f,NSOBJ
H=HSENSZ(1)
TEMP( X )=ARRAY(H)

COPE1450
COPE1451

- ---~COPE1452

COPE1453
COPE1454
COPE1455
COPE1456
COPE1457
COPE1458
COPEt459
COPE1460
COPE1461
COPE1462
COPE1463
COPE1 466G
COPE1465
COPE1466
COPE1467
COFE1468
COPE1469
COPE1470
COPE1471
COPE1472
COPE1473
COPE1474
COPE1475
COPE147%
COPE14T7
COPE1478
COPE1479
COPE1480
COPE1481

CoPEt482 _

COPE1483
COPE1484
COPE14685
COPE1486
COPE1487
COPE1488
COPE1489

COPEL490

COPE1491
corgta92
COFE1493
COPE1496G

290

300

310
320

330
340
350

o 0006 0000

HRITE (ISCR{,350) (TEMP({I),I=1,HS0BJ) COrEf495
COHTINUE COPE147%%
ARRAY( ISCHSY )=SEHS(HSVALH) COPEL497
IF (HCALC.ME.5.0R.ID!.£Q.0) GO TO 320 COPE1490
RESTORE X, VLB, YUB AND SCAL. corcia99
HOV=HDVSAY COPE1500
IF (I01.€Q.HOY) GO TO 300 COPE1501
L=HDV-1 COPE1502
L1sL COPEIS503
DO 290 I-ID1,L1 COPE1504
RACL¢11=RACL) COPE1505
K=L4HDV2 COPE1506
RA(K+1)=RA(K) COPEL507
KzK+HDV2 COPE1508
RACK*1)=PA(K) COPE1509
K=K +HDV2 COPELI510
RA(K*1 )=RA(K) COPE1511
L=L-1 COPEI512
RA(IDY )=SAVX COPE1513
K=ID1+NDV2 COPE1I514
RA(K)=SAVL COPEY515
K=K+NDV2 COPE1516
RA(K)=SAVU COPE1517
K=K+HDV2 COPEt1518
RA(K)=5SAVS COPE1519
CONTINUE COPE1520
RESTORE HDSGN. COPE1521
HM2=L0CI(2) COPE1522
DO 310 I={,HDVTOT COPE1523
IF (TA(M2).GE.IDI) JA(M2)=IA(M2)Y1 COPE1524
IF (TA(HM2).EQ.0) IA{HM2)=1ID} COPEt525
HM2=HZ+1 COPE1526
CONTINUE COPE1527
RETURH COPE1528
------------------------------------------------ wmmmemm-e-me--~-=-COPL1529

FORMATS COPE1530
------------------------------------------------------------------ COPE{531
FORMAT {20A4) COPEY532
FORMAT (1615) COPL1533
FORMAT (S5E15.8) COPE1534

EHD COPE{535
SUBROUTINE COPEOS (RA,JA,HDRA,NDIA,ISCRY) COPE1536
DINENSION RA(NDRA), IA(HDIA) COPE1537
LT e e R P T ST AT LR AT DL P LR LR T AL AT S LT 2 Todel gt R 1)
ROUTINE TO PRINT SENSITIVITY INFORMATIOH STORED OM UNIT ISCR1. COPES539
e R L e T T E T TR D P TR R PR R T T2 Toto T S )

BY 6. H. VAHDERPLAATS JULY, 1974. COPE 1541
NASA~-ANES RESEARCH CENTER, HOFFETT FIELD, CALIF. COPE1542
RENIND ISCR1 COPE1543

COPE1544

COPE1545

COPE1546
TITLE. COPE1547
READ (ISCRt,70) (RA(I},I=1,20) COPE1548
HCALC, NSV, NSOBJ COPE1549
READ (ISCR1,80) NCALC.HSV,NS0BJ COPE1550
IF (HCALC.HE.3.AHD.MCALC.NE.5) RETURN COFE1551
IF (NCALC.EQ.3) NRITE (6,90} COre1552
IF (NCALC.ER.5) KRITE (6,50) COFE1553
WPTTE (6,60} (FATIN.TI=21,20) COPEL5S54
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[z Xz Kzl

10
20
30
40

110

£€Tc

WRITE (6,100) NSV,NSOBJ COPE1555
ISENS(I),I=1,NSV. COreIsss
READ (ISCR1,80) [IA(I),I=1,NSV) COPE1S57
HNRITE (6,110} COME1558
WRITE (6,120) (IACI),I=1,NSV) COFE1559
NSENSZ(I),I=1,NSCBJ. COPE1560
READ (ISCR1,80) (IA(I),I=1,NSOBJ) CORE1561
HRITE (6,130) COPE1562
WRITE (6,120) (IA(I),I=1,H50BJ) COPE1563
----- COPE1564

COPE1565

COPE1564

SENS(I),I=1,NSV. COPE1567
READ (ISCR1,140) (RA(I),I=1,NSV) COPE1568
HRITE (6,150) COPE1569
WRITE (6,160 (RALI},I=1,NSV) COPEN1570
0BJZ{I),I=1,NSOBJ. COPE1571
READ (ISCR1,140) (RA(I),I=1,NSOBJ) COPE1ST72
WRITE £6,170) COPE1573
WRITE (6,160) (RA(X),I=1,NSOBJ) COPE1574
--------------------------------- COPEt57S

bbb b SENSITIVITY INFORMATION annunnxuu¥COPE1576
—-- B it bbb L L DSl COPE1577

WRITE (6,180) COPE1578
00 40 ISENS=1,NSV COPE1579
ISENSI, NSENSI COPE1580
- READ (ISCRt,80) ISENSI,NSENSI COPE158?
WRITE (6,190) ISENSI COPE1582
IF (NSENSI.EQ.0) WRITE (6,200) COPE1583
IF (NSENSI.EQ.D0) GO TO 40 COPE158¢
DO 30 JJ=1,NSENST COPE1585
SENS{I,J). COPE1586
READ (ISCR1,140) SENSIJ COPE1587
OBJZ(X),1=1,NS0BJ. coreises
READ (ISCR1,140) {RA(I),1=1,NS0BJ) COFE1589
N=HINO(4,NS0BJ) COPE1590
KRITE (6,210) SENSIJ,{RA(I),I=1,N) COPE1591%
N=(NSOBJ-1)/64 COPET1592
IF (N.LT.1) GO TO 20 COPE1593
Lt=5 COPE1594
D0 10 I=1,N COPE1595
L2=11+3 COFE1596
L2=MINO(L2,NSOBJ} COPE1597
WRITE (6,220) (RA(J),J=L1,L2) COPE1598
L1=L1+4 COPE1599
CONTINUE COPE1600
CONTINUE COPEY 401
CONTINUE COPEt602
COPE1603

RETURN

COPE1604

COPE160S
------------------------------------------------------------------ COPE1606
FORMAT (1H1,4X%,66H0PTIMUM SENSITIVITY AMALYSIS RESULTS (NCALC=51) COPE1607
FORMAT (//5X,5HTITLE/5X,20A4) COPE1608
FORMAT (20A4) COPE1609
FORHAT (16I5) COPE1610

FORMAT (1H1,4X,47HSTANDARD SENSITIVITY ANALYSIS RESULTS (NCALC=3))COPE1611
FORMAT (//5X,36HNUHBER OF SENSITIVITY VARIABLES, NSV,9X,1H=,I5/5X,COPE1612
139HNUMBER OF SEMSITIVITY OBJECTIVES, HS0BJ,6X,1H=,15) COPE1613
FORMAT (//5X,52HGLOBAL HUMBERS ASSOCIATED WITH SENSITIVITY VARIABLCOPE1614

120
130

140
150

160
170
180
190
coo

210
220

oOonNoOOoOoOn

o0

o000

o0

1ES} COPE1645
FOPMAT (5X,101I5) COPET6VE
FORMAT (//5X,53HGLOBAL NUMBERS ASSOCIATED WITH SENSITIVITY OBJECTICOPEI6Y7
1VES} COPE1618
FORHAT (5E15.8) COrE1619
FORHAT (////5X,26HNOMINAL DESIGN INFORMATION//5X,31HVALUES OF SENSCOFEi620

1ITIVITY VARIABLES) COPEt621
FORMAT (5X,5E£13.5) COPEL622
FORHAT (//5X,41HVALUES OF SENSITIVITY OBJECTIVE FUNCTIOMS) COPET623
FORMAT (/////5X,28HSENSITIVITY ANALYSIS RESULTS) COPEt62%
FORNAT (//5X,15HGLOBAL VARIABLE,I5//10X,1HX,20X,4HF{X)) COPE1625

FORMAT {/5X,35HTHE NOMINAL VALUE IS THE ONLY VALUE/S5X,27HSPECIFIEDCOPE16C6

1 FOR THIS VARIABLE) CoPE1627
FORHAT (/3X,E12.4,3X,4E13.4) COPE1628
FORHAT (18X%,4E13.4) COPE1&29
END COPE1630
SUBROUTINE COPEQ6 (ARRAY,RA,IA,NARRAY,NDRA,NDIA) CoPE163
CQMMON /COPES1/ TITLE(ZO) COPE1632

COMMON /COPES3/ SGHOPT,NCALC,IOBJ NSV,NSOBJ,NCONA,H2VX,H2VX,N2VY,MCOPET1633
12VY,H2VAR, IPSENS, IP2VAR, IPDRG,NACHX1 ,NDVTOT, LOCR(25),L0CI(25), ISCRCOPE1634
21, 1SCR2, MYAPRX,NPS, NPFS,NPA, HF , TNOM, TPAPRX,KHIN, KHAX, XFACT1 , XFACT2COPE1635
3,NANZ,NAN3,NFITAX,NPTOT, JNOH, MAXTRM COPE1636

DIMENSION ARRAY(HARRAY), RA(HDRA), IACNDIA) COPE1637

B 0D IR DU 0 DU 060N DO DU O 0G0 O 003060006 04 0060 DN NN M N COPE1638

ROUTINE TO CALCULATE FUHCTIOHNS OF TWO DESIGN VARIABLES FOR ALL COPE1639%
COMBINATIONS OF A SET OF PRESCRIBED VALUES OF THESE VARIABLES. COPE 1640
L TR T T P T TR T T T T A » LI *nununnuusCOrE1641
HRITE OUTPUT INFORMATION ON SCRATCH UNIT ISCRI. COPE1642
BY G. N. VANDERPLAATS AUG., 1974. COFEt643
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE164%
REWIND ISCR{ COPE1645
------------------------------ COPE1646
UHIT ISCRY HRITE COPEV1647
------------------------------- COPE1648
WRITE (ISCR1,40) (TITLE(I),I=1,20) COPE1649
HRITE (ISCR1,50} NCALC,N2VAR,M2VX,N2VX,M2VY,N2VY COPE1650
NZvZ. COPE1651
M20=tOCI(20) COPE1652
H21=L0CI(21)-1 COPE1653
WRITE {ISCR1,50) (IA(I),I=M20,M21) COFE165%
--------------------------------------- -COPE1655
THO-VARTABLE FUNCTION SPACE COPE165%
----------------------------- -=-~COPE1657
ICALC=2 CoPE1658
KCALC=3 COPE1659
ISIGH=1 COrE1660
N20=LOCRU20) COPE1661
N21=1L0CP(21}-1 COFE1662
00 30 I=f,M2vX COFE1663
ARRAY(NZYX)=RA(N20) COPE1664
DO 20 J=1,M2vY COPE1665
N21=H21+ISIGN COPE1666
ARRAY(N2VY)=RA(NZLY COPE1667
ANALIZE. COPET6£8
NANZ =HANZ2+1 COPE1669
CALL AHALIZ (ICALC) COFE1670
IF [IP2VAR.GT.0) CALL AMALIZ (XCALC} COPE1671
IF {IPCVAR.GT.0) HAM3=HAN3#+} COPE1672
------------------------------------------------------------------ COPE1673
UHIT ISCRY WRITE COPE1674



AN
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------------------------------------------------------------------ COPE1675
WRITE X, Y. COPEV6T76
KRITE (ISCRY,60) RALH20),RATH21) COPE1677
FIX.Y) VALUES. COFE1678
M23=L0OCR(23) COPE1679
H26=H23 COPE1680
M20=LOCI{20) COPE1681
DO 10 K=1,H2VAR COPE1682
MN=TA(M20) COPE1683
RAIMN24 }=ARRAY (N} COPE1684
H24=N24+1 COPE1685
$20=M20+1 COPE1686
CONTINUE CorE1687
H24=N23+H2VAR-1 COPE1688
HWRITE (ISCR1,60) (RA(K),K=N23,N26) COPEY68S
CONTINUE COPE1690
N21=H21+ISIGN COPE1691
H20=N20+1t COPE1692
ISIGN=-ISIGN COre1693
COHTINUE COFE1694
RETURN COPE1695
------------------------------------------------------------------ COPE1696
FORMATS COFE1697
------------------------------------------------------------------ COPE1498
COPE1699

COPEY1700

COPE1701

FORMAT (20A4) COPE1702
FORHAT (1615) COPE1703
FORMAT (5E15.8) COPEY1 704
END COPEY 705
SUBROUTINE COPEO7 (RA,IA,NDRA,NDIA,ISCR1) COPE1706
DIMENSION RA(NDRA), IA(NDIA) COPE1707

WU IO N IOIE 000600 0060000600 0E S0 IO NN N AN NN NN R NN N NHCOPE] 708
ROUTINE TO PRINT THO VARIABLE FUNCTION SPACE INFORMATION STORED ONCOPE1709
UNIT ISCRt. COPE1710
0000360 0000600 06O 06 0T D366 D06 0620 6.0 D606 06 06 0636 0 600 046 0006 06030 00 00 MOt MMM HCOPES 7YY

BY 6. N. VANDERPLAATS AUG., 1974. COPE1712
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE1713
REWIND ISCR1 COPEt714
------------------------------------------------------------------ COPE1T715

GENERAL INFORMATION COPE1716
------------------------------------------------------------------ COPELTI?
TITLE. COPE1718
READ (ISCRY,60) (RA(I),I=1,20) COPE1719
READ (ISCR1,70) NCALC,H2ZVAR,M2VX,N2VX,M2VY,N2VY COPEt720
IF (NCALC.NE.4.AND.NCALC.NE.6) RETURH COPE1721
WRITE (6,50) COPEY 722
WRITE €6,40) (RA(I)\I=1,20) COPET723
N2VZ(I),I=1,N2VAR. COPEY 724
READ (ISCR1,70) (IA(X),I=1,N2VAR) COPE1725
Ha2vX, NavY. COPE1726
HWRITE (6,120} NQVX,N2VY COPE1727
N2vZ. COPE1728
HWRITE (6,130) COPEY 729
WRITE (6,80) (IA(I),I=1,N2VAR} COPE1730

COFEN73
COPE1732
COPE1733
COPE1734

00 30 I=1,H2VX

c

80

100
110
120
130

140
150

c
c
c
c
C
c
c
c
c
C
c

c
c
c
c
c
c
c
c

WRITE (6,140) COPE1735
DO 30 J=1,HIVY COFEL736
Xy Y. COPE1737
READ (ISCR1,150) XX,YY COPEY739
FIX,Y), COFE1739
READ (ISCRY,150) {RAIK),K=1,HZVAR) COPC1740
N=4 COPE1741
IF (N2VAP.LT.4) H=H2VAR COPE1742
IF (J.EQ.1) HRITE (6,100) XX,YY,(RA(K),K=1,N) COPE1743
IF (J.GT.1) WRITE (6,90) YY,(RA(K),K=1,N) COPEt 744
IF (H.GE.N2VAR) GO TO 20 COPES745
H=5 COPE1746
M=(N2VAR-1)/6 COPE1747
DO 10 K=1,H COPE1748
L=N+3 COPEY 749
IF (L.GT.N2VAR) L=N2VAR COPE1750
WRITE (6,110} {RA(KK),KK=N,L) COPEY75¢
N=L#1 COPE1752
COMTINUE COPE1753
COHTIMNUE COPEt754
RETURH COPE1755
------------------------------------------------------------------ COPE1756

FORMATS COPE1757
------------------------------------------------------------------ COPE1758
FORMAT (//5%X,5HTITLE/5X,2044) COPE1759
FORMAT (1H1,4X,35HTHO~VARIABLE FUNCTIOH SPACE RESULTS) COPE1760
FORMAT (204A4) COPE1761
FORHMAT (16151} COPE1762
FORMAT (5X,10I5) COPE1763
FORMAT (/15X,E12.4,3X,4E13.64) COPEY 764
FORHAT (/3X,2E12.64,3X,4E13.4) COPE1765
FORMAT (30X,4E13.4) COPE1766

FORMAT (////5X,48HGLOBAL NUMBER ASSOCIATED WITH X-VARIABLE, N2VX =COPE1767

1,15//5X,68HGLOBAL NUMBER ASSOCIATED WITH Y-VARIABLE, N2VY =,I5) COPE1768
FORMAT (//5X,37HGLOBAL HUMBERS ASSOCIATED KWITH F(X,Y)) COPE1769
FORMAT {//10X, THX, 11X, 1HY,20X,6HF(X,Y)) COPE1770
FORMAT (5E15.8) COPE1771

EHD COPE1772
SUBROUTINE COPEOS {A,B,IFORM,NFLD) COPE1773
DIMEHSION ACt), B(1), C(10) COPE1774%
DATA COMMA/1H,/,BLANK/IH / COPE1775
ROUTINE TQ CONVEPT UHFORMATTED DATA TO FORMATTED DATA IN FIELDS COPE177¢

OF 10,EACH FIELD RIGHT JUSTIFIED. COPEVT777

BY G. N. VANDERPLAATS AUG., 1978. COPEY1778
NASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE1779

--- INPUT, COPEt780
A - ARRAY OF DATA SEPERATED BY COMMAS. MINIMUHM DIMENSION OF COPE1781

IS A{80). COPEt1782

=== QUTPUT. COPE1783
B - ARRAY 0D DATA IN FIELDS OF 10 AND RIGHT JUSTIFIED. COPE1784
MINIMUH DIMENSION OF B IS 10%NFLD. COPE1785

IFORM - 0 IF A WAS UNFORMATTED. COPE1785

§ IF A HAS ALLREADY FORMATTED. COPE1787

NFLD -~ NUMBER OF FIELDS OF DATA. COPE1788
--- NOTE. COPE1789
1) DATA IS ASSUMED TO BE REAL OR INTEGER DATA WITH NO EMBEDDED  COPE1790
BLANKS WITHIN A GIVEN FIELD. COPE1791

2) DATA IS CONSIDERED UNFORMATTED IF COPE1792

A) A COMMA IS FOUNMD COPE1793

B) LAST HOH-BLANK CHARACTER IS IN COLUMN 1-10 AHD THERE IS COPE!734



STZ

a0

o0

40
50

70
80

NO DECIMAL AND IT IS NOT RIGHT JUSTIFIED.

IFORM2D
SEARCH FOR LAST NON-BLANK CHARACTER AND SEARCH FOR COMMA.
CALCULATE NUMBER OF NON-BLANK SETS.
INON=0
KNON=0
LST=0
D0 10 I=1,80
IF (A(I).EQ.COMHA) GO TO 20
JHON=INON
IF (A(I).EQ.BLANK) INON=0
IE (ACI).NE.BLANK) INON=
F (INON.GT.JNON) KHON=KNON*+1
IF (A(I).NE.BLANK) LST=I
CONTINUE
NO COMMA WAS FOUND. DATA MAY BE FORMATTED.
IF (LST.GE.10) GO 7O 90

IF MORE THAN ONE SETS OF CHARACTERS, DATA IS ASSUMED FORMATTED.

IF (KNON.GT.1) GO TO 90

CONTINUE

DATA IS UNFORMATTED.

K2=10

NFLD=0

I=0

CONTINUE

I=1+1

IF (I.GT.80) GO TO 110

IGNORE LEADING BLANKS,

IF (A(I).EQ.BLANK) GO TO 30

CALCULATE NUMBER OF NON-BLANK CHARACTERS IN THIS FIELD.
JJu=0

00 40 J=I,80

IF {A(J).EQ.COMMA.OR.A{J).EQ.BLANK) GO TO 50
PACRNLS]

ClJJ)=ALJ)

NFLO=NFLD+t

I=1+JJ

BLANK FIELD NFLD OF B.

K1=K2-9

DO 60 K=K1,K2

B(K)=BLANK

STORE C IN FIELD NFLD OF B, RIGHT JUSTIFIED.

IF {(JJ.EQ.0) GO TO 80

Ji=JJ

K=K2

DD 70 L=1,JJ
BiK)=CtJ1)
K=K-1
J1=J1-1
K2=K2+10
GO 7O 30
CONTIMNUE
FORMATTED INPUT.
IFORM=1
NFLD=8

DO 100 I=t,80
B(I)=A(I)
CONTINUE
RETURN

STORE A DIRECTLY IN B.

COFE1795
COPE1796
COPE1797
COPE1798
COPE1799%
COPE1800
COPE1801
COPE1802
COPE1803
COPE1804
COPE1805
COPE1806
COPEYROT
COPE1808
COPE1809
COPE1810
COPE1811

COPE1812
COPE1813
COPE1814
COPE1815
COPE1816
COPE1817
COPE1818
COPE1819
COPE1820
COPE1821
COPE1822
COPE1823
COPE1824
COPE1825
COPE1826
COPE1827
COPE1828
COPE1829
COPE10830
COPE1831
COPET832
CQPE1833
COFEt834
COPE1835
COPE1836
COPE1837
COPE1838
COPE1839
COFE1840
COPE1841

COPE1842
COPE1843
COFE1844
COPE1845
COPE1846
COPE1847
COPE1848
COPE1849
COPE1850
COPE185)

COPE1852
COPE1853
COPE185%

o060 OO0

o0

END COPE1855
SUBROUTINE COPE09Y COPE1856
COMMON /CNHN1/ DELFUN,DABFUN,FDCH,FDCHM,CT,CTHIN,CTL,CTLMIN, ALPHAXCOPE1857
1,ABOBJY, THETA,03J,NDV,NCON,NSIDE, IPRINT,NFDG,NSCAL, LINOBJ, ITHAX, XTCOFrE1858
2RH, ICNDIR, IGOTO,NAC, INFO, INFOG, ITER COPE1859
COMMON /COPESZ/ RA(5000),IA(1000) COFE1860
COMMON /COPES3/ SGNOPT,NCALC,I0BJ,NSY,NSOBJ,NCONA,N2VX,H2VX,N2VY,HCOPE$861
12VY,N2VAR, IPSENS, IP2VAR , IPDBG,NACMX{ ,NDVTOT, LOCR(25},L0CI(25),ISCRCOPE1862
21,1SCR2,NXAPRX,NPS,HPFS,NPA s NF » INOM, IPAPRX, KMIN,KHAX , XFACT1 4 XFACT2COPET 863
3,NANZ ,NAN3,NPHAX ,NPTOT , JNOM, HAXTRH COPE186%
COMMON /GLOBCHM/ ARRAY(1500) COPE1865
FEUEIEI 060606 DI NN 36 0606 3600060600 DI U033 6 UM RN N MR ACOPET1866

ROUTINE TO DO APPROXIMATE OPTIMIZATION. COPE1867
FEEETE 0TI 2 00O 36 90 0600 53 6N N D6 06 0 6 JE 0006 36606 D0 BTN M NN RCOPE1868

COPE1869

BY G. N. VANDERPLAATS JAN., 1979. COPE1870
NASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE1871
COPET872

NFDGSV=NFDG COPE1873
NFDG=1 COPE1874
IF (NFDGSV.LT.0) NFDG=0 COPE1875
CYMIN=ABS(CTMIN) COPE1876
CTLMIN=ABS(CTLHIN) COPE1877
IF (CTHIN.LE.O0.) CTHMIN=.0005 COPE1B78
IF (CTLHIN.LE.O0.) CTLMIN=.0001 COPE1879
IF (ABS(CT).LE.O0,) CT=-.01 COPE1880
IF (ABS(CTL).LE.O0.) CTL=-,001 COPE1881
IF (DELFUH.LE.0.) DELFUN=,000t COPE1882
IF (IPDBG.LT.1) IPRINT=0 COPE1883
IF (ITMAX.LT.50) ITHMAX=50 COPE1884
NSIDE=1 COPRE1885
KOUNT=0 COPE1886
- COPE1887
ARRAY STARTING LOCATIONS. COPE1888

== COPE1889
NN1=HXAPRX+2 COPE{1890
NXY=LOCR(23) COPE1891
NVLB=NXV+HH1 COPE1892
NVUB=NVLB#+HNN1 COPE1893
NXNOH=NVUB+NN1 COPE1894
NDX=HXHOM+NXAPRX COPE1895
NFNOM=NDX tHDV COPE1896
NFNEN=NFNOM*NF COPE1897
HBTAY=NFNEW*NF COPE1898
NBR=NXAFRX*+(HXAPRX#*(NXAPRX#11)/2 COPE1899
IF (MAXTRM.LT.3) NBR=MAXTRM*NXAPRX COPE1900
NTHP=NBTAY *NBR*NF COPE1901t
HBLU=LOCR{6) COPEY902
NISC=LOCI(4} COPE1903
NIGFN=LOCI{23) COPE1904
NIDV=NIGFN+NCOHA COPET905
IF (KHAX.LT.0) GO TO 160 COPE1906
CONMIN ARRAYS. COPE1507
DIMENSIONS, COPE1908
NN1=HDV+2 COPE1909
NN2=2#HDV+NCON COPE1910
NN3=NACHX1 COPE1911
HNG=NN3 COPE$912
IF (HDV.GT.NN4) NN4=NDV COFE1913
NH5=2%NNg COPE1914



912

oo

10

20

30

40

50
60

70

SCAL, DF, G, A, S5, 61, G2, C, B, ISC, IC, NSI.
NHSCAL=LOCR(4%)
HOF=HTMP
HNG=NDF +HN1
HAZHG*HN2
HS=NA*HM1*NN3
HGI=NS+HN1
HG2=HG1+HN2
NC=NG2 +HN2
NB=HC tNH&
NISC=10CI(4}
MIC=NIDV*HXAPRX
NMS§=NIC+NN3

DETERMINE IOBJA, ARRAYS IGFN AND IDV.

I0BJA.

M6=LOCI(6)

00 10 I=1,NF

J=IAIME)

10BJA=1

IF (J.EQ.IOBJ) GO TO 20
M6=H6+1

ERROR - IOBJA NOT FOUND.
CONTINUE

IF (NCOMNA.ER.0) GO TO 60
IGFN ARRAY.

M3=LOCI(3)

M23=10CI(23)

DO 50 I=1,HCONA

GLOBAL LOCATIONS OF COMSTRAINED PARAMETERS.
J=IA(H3)

M3=M3+y

LOCAL VARIABLE, F, LOCATION.
M6=LOCI(6)

DO 30 K=1,NF

KK=K

L=IA{M6)

IF (L.EQ.J) GO TO 40
Mo=Mb+1

ERROR - CONSTRAIMED VARIABLE IS NOT AN APPROXIMATE FUHCTION.

CONTINUE

IA(M23)=KK

H23=M2341

CONTINUE

I0V APRAY.

H3=NIDV

N5=LOCI(5)

DO 90 I=1,HXAPRX

IA(N3)=0D

GLOBAL LOCATION.

II=JA(NS)

N5=H5+1

FIND CORRESPOHDING DESIGN VARIABLE.
H1=LOCI(1)}

NZ=LOCI{2)

00 70 J=1,NDOVTOT

IF (IA(H1).EQ.II) GO TO 80
Hi=N141

N2=N2+1

COPE1915
COPE1916
COPE1917
COPE1918
COFE1919
COrE1920
Coret1921
COPE1922
COPE1923
COFE1924
COPE1925
COFE1926
COPE1927

---COFE1928

COPE1929

---COPE1930

COME1931
COPE1932
COPE1933
COPE1934
COFE1935
COPE1936
COPE1937
COPE1938
COFE1939
COPE1940
COPE1941
COPL1942
COPE1943
COFE1944
COPE1945
COPE1946
COPE1947
COPE1 948
COFE1949
COPE1950
COPE1951
COPE1952
COFE1953
COPE1954
COPE1955
COPE1956
COPE1957
COPE!958
COPE1959
COPE1960
COPE1961
COPEt962
COPE1963
COPE1964
COPE1965
COFE1966
COPE1967
COPL1968
COPE1969
COPE1970
COPE1971
COPE1972
COPE1973
COPE1974

a0

100
110

120

130

[2Ke)

140

150

160

THIS APPPOMNIMATING VARIABLE IS NOT A DESIGN VARIABLE.
60 TQ 90

CONTIKUE

DESIGH VAPIABLE HUMBER.

IACH3)=TA(H2)

N3I=H341

CHECK TO BE SUFE EACH THDEPENDEWT DESIGN VARIABLE IS ALSO AH
APPROXIMATING VARIABLE.

DO 120 I=1,NDV

N1=L0CTI{1)

H2=LCCI(2)

DO 110 J=1,NDVTOT

IS THIS DESIGH VARIABLE I.

IF (IA(N2),NE.I) GO TO 110

YES.

GLOBAL VARIABLE NUMBER.

IGLOB=IA(Nt)

N1=N1+1

NS=LOCI(5)

DO 100 K=1,HXAPRX

1S THIS THE SAME AS IGLOB.

IF (IA(N5).EQ.IGLOB) GO TO t20

NO.

N5=N5+1{

H2=N2+1

ERROR - DESIGN VARIABLE IS NOT AN APPROXIMATING VARIABLE.
CONTINUE

CONTINUE

KOUNT=KOUNT#1{

IF {IPAPRX.LT.1.0R.IPAPRX.EQ.3)} GO TO 160
IF (KMAX.LT.0) GO TO 160
PRINT INITIAL INFORMATION.
TITLE.

IF (KOUNT.GT.1) GO TO 150
WRITE (6,670)

0BJECTIVE FUNCTION.

WRITE (6,550) IOBJA

IF (HCONA.EQ.0) GO TO 140
CONSTRAINTS.

HRITE (6,560)

N1=NIGFH

N2=M1+NCONA-1

WRITE (6,570) (IACI),I=N1,N2)
CONTINUE

DESIGN VARIABLES.

HRITE (6,580)

N1=NIDV

H2=H1+HXAPRX-1

WRITE (6,570) (IA{I)},I=N1,N2)
COMTINUE

ITERATION NUNMBER.

WRITE (6,680) KQUHT

CONTINUE

NP=HPTOT-1

COPEL9T7S
COPE1976
COFE1977
COPE1978
COPE1979
COPE1980
COPE1901
COPE1982
COPE1903
COPE 1984
COrE1985
COPE1336
COPE1987
COPE1988
COPE1909
COPE1990
COFEY1991
COPE1992
COPE1993
COFE1954
COPE1995
COPE1996
COPE1997
COPE1998
COPE1999
COPEZ000
COFE2001

---COPE2002

COPEZ003
COPE2004
COPE2005
COPE2006
COPER007
COPE2008
COPE2009
COPE2010
COPECO1
COPEZ012
COPE2013
COPE2014
COPE2015
COPE2016
CoPE2017
coreE2018
COPEC019
COPEZ2020
corezo2t
COPE2022
coreceas
COFLZ024
COPE2025
COPE2026
COPE2027
COFE2020
corezoz9
COFEZ030
COPE203Y
COPE2032
CCPE2033
COPE2034
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(s Xz K2l

170

180
190

.
o000

NXI=NTHP

NY=NXI+NXAPRX#NPTOT
NHGHT=NY+NF*NPTOT

IF (KHAX.LT.0.AND.INOM.LT.§) INOM=1

COPE2035
COPE2036
COPE2037
COPET038
COPEZD39
COrE204G0Q
COPE2041

CALL COPE10 (RA(NXI),RA(NY},RAINXNOM),RAINFHOM),NPTOT,KOUNT,RA(NBLCOPE2042
1U), IACNIGFN), IOBJA, IA(NISC ) ,NXAPRX, NF NCONA, SGNOPT, CTMIN,CTLMIN, ISCOPE2043

2CR2,RAINHGHT ) , INOM,NPHAX , JNOM)

IF (KMAX.LT.0) GO TO 170

CURRENT OBJECTIVE.

N1=HFNOM+I0BJA-1

OBJSAV=-RA(N1 )*SGNOPT

IF (KOUNT.LT.2.AND.DABFUN.LE.O.) DABFUN=.001%ABS(OBJSAY)
IF (DABFUN.LT.1.0E-10} DABFUN=t.QE-10

IF (IPAPRX.LT.1.0R.IPAFRX.EQ.3) GO TO 170
PRINT CURRENT NOHINAL.

HRITE (6,690} INOH

N2=NXNOM+*NXAPRX-1

HRITE (6,700) (RA(I),I=NXNOM,N2)

HRITE (6,710)

N2=NFNOH#NF~1

WRITE (6,700} (RA(I),I=NFNOH,N2)

CONTINUE

NX1=NXAPRX
M=NXT¢INXI%(NX1+1))/2

IF IM.GT.NP) M=NP

IF (NP,LT.NXAPRX) H=NXAPRX
MHAX=NXAPRX#HAXTRH
IF(MAXTRM.GT.2) MHAX=M

IF (M.GT.MHAX) M=MMAX
HAA=NWGHT #NP
NFF=NAA*(MRr{M+1))/2
NGG=NFF+M

COPE2044
COPE2045
COPE2046
COPE2047
COPE2048
COPE2049
COPE2050
COPE2051
COPE2052
COPEZ053
COPE2054%
COPE2055
COPEC056
COPE2057
COPE2058
COPE2059
COPE2060
COPE2061
COPE2062
COPE2063
COPE2064
COPE2D6S
COPE2066
COPER2067
COPE2068
COPE2069
COPE2070
CoPE2071
COPE2072

CALL COPE12 (RA{NXI),RA(NY),NX1,NP,NF,H,RACNBTAY },RA(NAA},RAIHFF),COPEZD73

1RAUNGG) » NXAPRX ,NF yNDBR , RAINWGHT ) ,NER )
IF (NER.GT.D) WRITE 16,5%0)

IF (KHMAX.LT.0} GO TO 530

IF (IPAPRX.LT.2.AND.IPAPRX.NE.4) GO TO 190
PRINT TAYLER SERIES COEFFICIENTS.
HWRITE (6,720}

N3=LOCIL &)

N1=NBTAY

00 180 J=1,NF

N2=N1+H-1

HRITE (6,600) J,IA(N3)

WRITE (6,700) (RA1I),I=N1,N2)
NT=N1+NBR

H3=N3+1

CONTIHUE

CONTINUE

IF (KCUNT.GT.KMAX} GO TO 470

INITIALIZE XV, DX, VLB, vuB.

COPE2074
COPE2075
COPE2076
CoPE2077
COPE2078
COPE2079
COPE2080D
COPE2081
COPE2082
COPE2083
COPEZ084
COFE2085
COPE2086
COPE2087
COFE2048
COPE20B9
COPRECO90
COPE20N
COPE209T
COFEZD93
COFPE2094

200

2190

220
c

c
c
c
c
c

230

DO 200 T=1,NXAPRX COPER095
RALH1)=0. COFE2096
Ni=N1+1 COFE2097
N2=NVLB COFEC098
H3=nvUB COPEZ0997
NA=tvHOoM COFEZ100
N5=L0CP(2} COPE2101
H6=LOCR(3) COPE2102
N7=LOCR(7) COFE2103
N8=HDX COPEZ1O04
L1=H-HNDV COPERZI05
L2=L1-NDV COPEC10%
ICK=ICK1#ICK2+ICK3 COre2107
DO 210 I=1,NOV COPE2108
RA(N8)=0. COFE2t09
XFACT=1. COPE2110
IF (I.LE.L1) XFACT=XFACT! coreE2111
L2=12-HOV+I COPEC112
IF (L2.GE.0) XFACT=XFACTZ COPE2113
REDUCE BOUNDS IF ANY ICK.GT.O. COPE2t14
IF (ICK.GV.0) XFACT=.5 COPER21YS
DX=XFACT*PA(HN7) COPE211t6
XX=RAlNG) COPE2117
DXL=XX-RALNS} corez11e
IF (OXL.GT.DX) DXL=DX corg2119
DXU=RA{HE I-XX COPE21T0
IF (DXU.GT.DX} DXU=DX coPg2121
RAIN2)=-DXL copER122
RAUN3)=DXU COPEZ123
NZ=H2+1 COPER124
N3I=H3+) COFEZIR5
Na=Ng+1 COPEZIZ6
N5=H5+t COPEZ127
N6=H6 +1 COPE2128
N7=N7+1 COFE212%
N8=H&*+1 COPE213D
IF (IPAPRX.LT.2.AND.IPAPRX.HE.4} GO TO 220 COPE2131
HRITE (6,610) COPEZt32
Ni=HVLB+HOV-1 COPE2133
HRITE (6,700) (RA{I),I=NVLB,N1) COPE2134
HRITE 16,6T0) COPE2135
N1=NVUBNDV~1 COPEC136
HRITE (6,700} (RA{I),I=NVUB,Nt) COPE2137
CONTINUE COPE2138
----------------------------------------------- COPE2139
OPTIMIZE APPROXIMATE FUNCTION. COPEZ14D
------------------------------------------------------------------ COPE2141¢
OPTIMIZATION. COPE2142
I160TO=0 COPEZ143
CALL COHMMIN (X,VLB,VUB,G,SCAL,DF,A,S5,61,G2,B,C,ISC,IC,MS),Nt,N2,NICOPE2144
*,N4,N5) COPE2145
CONTINUE CoPEZtas

CALL CONMIN (RA(NDX),RA(NVLB),RA{NVUB),RA(NG},RA(NNSCAL),RAINDF },RCOPE2147
tA{NA),RA(NS),RA(NGY ),RAING2),RAINB),RA(NC), TA(NISC), TACNIC), TAINHSCOPE2148

21),HHY  HHZ NN3, HNG NN ) COFEC149
TRANSFER VARIABLES FROM DX TO XV, COFE2150
N1=NIDV COFEZYS51
N2=HXV COPECI52
DO 240 I=1,NXAPRX CoPE2153
II=IA(N1) COPE2154



81¢

240

o

250

o060

260
C

270

NG=HDX+II-1

IF (II.GT.0.AND.II.LE.NDV) RA{N2}=RA(NG)
Ni=NTH)

N2=H2+1

N3=H3+1

APPROXIMATE ANALYSIS,

COFE2155
COPE2156
COPE2t57
COPE2158
COPE2159
COPE2t60

CALL COPE15 (RAINXV),RAING),RA{NDF),RA(NA),TAINISC},IA(NIC),NNt,RACOPE216Y
1 (NBLU),HX1,I0BJA,H,RALHENOM) ,RATNFNEKW ) ,RACNBTAY ) ,NBR, TIA(NIGFN},CT,COPER162

2CTL, INFO,NAC,NCONA,NOV, NF,0BJ,SGNOPT)
IF (IGOTO.GT.0} GO TO 230

IF DESIGN PRODUCED ZERO DELTA-X TWICE IN A ROW AND KOUNT.GE.KHIN,

TERMINATE.

ICK1=ICK1+1

SUM=0.

N1=HXY

DO 250 I=%,NDV

SUM=SUM*RAINT ) #%2

N1=N1+1

IF (SUM.GT.1.0E-10) ICK1=0

IF (IPAPRX.GT.0.AND.IPAPRX.NE.3) HWRITE (6,730)
IF (ICK?.GE.2.AND.KOUNT.GE.KMIN) GO TO 360

JJJ=0

NARENNNLS]

NOMINAL X-VECTOR.
N1=NTHP

N2=NXNOM

N3=NXV

D0 270 I=1,NXAPRX
RACNI )=RA(N2)*RA(N3)
N1=N1#1{

N2=N2+1

N3=H3+1

READ X-VECTORS ONE AT A TIME AMD COMPARE TO XNOM.

REWIND ISCR2

N1 =NTHP+NXAPRX

NZ=N{+NXAPRX-1

N3=N2t1

N4=N3*NF -1

00 290 J=1,NPTOT

KK=J

X-VECTOR.

READ (ISCR2) (PA(I),I=N1,N2)
Y-YECTOR. HNOT USED. READ TO POSITION ISCR2.
READ (ISCR2) (RA(I),I=N3,N4)
COMPARE X WITH XNOH.

N5=N1

H6=NTHP

SUM=0.

DO 280 IX=1,NXAPRX
SUM=SUH+(RA(N5)-PAINE Y )#%2
N5=H5+1

H6=H6+1

IF (SUM.LT.%.0E-%0) GO TO 300
CONTIHUE

GO TO 360

CONTINUE

THIS DESIGMN IS SAME AS A PREVIOUS DESIGH.

COPE2163
COPE2164
COPE2165
COPE2166
COPE2167
COPEZ168
COPE2169
COPE2170
COPE21 7Y
COPE2172
COPE2173
COPE2174
COPE2175
COPER2176
COPE2177
COPE2178
COPE2179
COPE2180
COPE2181
COFE2182
COPE2183
COPE2184
COPE2185
COPE2186
COPE2187
COPE2188
COPE2189
COPE2190
COPE2IN
COPE2192
COPE2193
COPE2194
COPE2195
COPE2196
COPEZ197
COPE2198
COPE2199
core2z00
cope2201
COPE2202
COPE2203
COPE2204
COPE2205
COPE2206
COPER2207
COPE2208
COPE2209
COFEZ210
CoPeE2a1!
copcazte
COrE2213
COPEC214

310

320

o000

330
340

350

1370

MODIFY DELTA-X VECTOR.

N6=HVUB

N7 =HXV

N8=hVLB

NO=HXV+HDV-1

IF (IPAPRX.LT.!{.OR.IPAPRX.EQ.3) GO TO 310
WRITE (6,630)

WRITE t6,740)

WRITE (6,700) (RA(I),I=N7,N9)

HWRITE (6,750)

NY=NTHP+NXAPRX -1

WRITE {6,700) (RA(I),I=NTHP,N?)
WPITE (6,640)

CONTINUE

AMULT=.01%FLOAT(JJJ)

00 320 I=1,NDV

BU=RA(N6}

BL=PAINS)

IF (BL.LT.-1.0E+15) BL=0.

IF (BU.GT.1.0E+15) BU=0.
DB=ABSI(BU-BL)

IF (DB.LT.1.0E-6) DB=.1

DX=RAIN7 }+AMULT*DB

IF (DX.GT.RA(N6)) DX=DX-2.#AMULTHDB
IF (DN.LT.RA(H8)) DX=DX+{.5¢AMULT¥DB
RA(N7)=DX

N6=H6*1

N7=H7+1{

NE8=N8+1

CONTINUE

COPE2215
COPE2216
COPE2217
COPECZ18
cope2219
COPEZ220
CoPE2221
CopPER222
cope2ze

COrE2224
COPER2ZH
COrE22C6
corecaz

CorFEz2l

COPE2229
COPE2230
copeze 3t
COPEZR32
COPEZ233
COPE2234
COPE2235
COPE2236
COPEZ237
COPE2238
COPE2239
COPER2240
COPE2241
COPEC242
COPE2243
COPE2244

CALL COPE15 (RA({NXV),RA(NG),RA{NDF),RA{NA},IA(NISC),TA(NIC),NNT1,RACOPE2245
1(NBLU) ,HX1,TOBJA, M, RATHFNOM) ,RA(NFHEN ) ,RATNBTAY ) ,HBR,, IA(NIGFN),CT,COPE2246

2CTL, INFO,NAC,HCONA,NDV,HF ,0BJ, SGNOPT)
IF (JJJ.LT.4) GO TO 260

FOUR TRIES HAVE FAILED TO PRODUCE A USABLE X-VECTOR.

USE LATEST TRY.

POSITION ISCR2 IF NEEDED.

IF (KK.EQ.NPTOT) GO TO 340
KK=KK+1

DO 330 J=KK,NPTOT

READ (ISCR2) (RA(I),I=N1,N2)
READ (I5CR2) (RA(I),I=N3,N4)
CONTINUE

IF (IPAPRX.LT.1.0R.IPAPRX.EQ.3) GO TO 350
IF €JJJ.EQ.4) WRITE (6,650)
CONTINUE

CONTINUE

XHOM.

H1=NXHOM

NZ=NXV

DO 370 I=1,NXAPRX
RACNT)=RA(NY J+RA(INZ)
N1=N1#1

N2=H2+1

GL.OBAL VARIABLES.
H3=HXHOM

N4=NIDV

COPE2247
COPE2248
COPE2249
COPE2250
COFE2251
CoPE2252
COPE2253
COPE2254
COPE2255
COPER256
COPE2E57
COPE2258
COPE2259
COPE2260
COPEC261
COPEZC62
COPE2T63
COPE2264
COPE2265
COPEC266
COPE2267
COPE2268
COPE2269
COpPE2270
COFE227t
CcopER272
COPE2273
COPER274



380

390
400
410

420

430

440

-450

6TC

DO 410 I=1,NXAPRX

DESIGN VARIABLE HUMBER.
II=IA(NG)

IF (IT1.EQ.0) GO TO 400
DESIGN VARIABLE UPDATE.
N1=LOCI(1}

N2=L0CI(2)

N5=LOCR(5)

DO 390 J=1,NDVTOT

IF (IAtN2).NE.IT) GO TO 380
UPDATE VARIABLE J.
JUSIAINT?
ARRAY(JJ)=RA(N3)I®RA{NS)
Ni=N1#1

N2=N2+t

R5=N5+1

CONTINUE

N3=N3+{

Na=NG+y

IF (IPAPRX.LT.1.0R.IPAPRX.EQ.3) GO TO 420

PRINT APPROXIMATE OPTIMIZATION INFORMATION.

HWRITE (6,740)

NZ=NXV+NDY-1

HWRITE (6,700) (RA(I),I=NXV,N2)
HRITE (6,750)

N2=NXNOH+NXAPRX-1

HRITE (6,700) (RACI),I=NXNOM,N2)
HRITE (6,760)

N2=NFNEW*NF-1

WRITE (6,700) {(RALI),I=NFNEW,N2)
CONTINUE

COPE2275
COPE2276
COPE2277
COPEZ278
COPEZ2R79
COPE22680
COPE228}

COPE2282
COrE2283
COPEZTBG
COPE2205
COPE2286
COPEC287
COPE2288
COPE2289
COPE2290
COPE229)

CoPE2292
COPE2293
COPE2294
COPE2295
COPE2296
Ccore2297
CoPE2298
COPE2299
COPE2300
CoPE2301

COPE2302
COPE2303
COPE2304
COPEZ305

IF (CICKY.GE.2.AND.KOUNT.GE.KMIN}.AND.(IPAPRX.GT.0.AND.IPAPRX.NE.3COPE2306

1)) HRITE (6,540)

IF (ICK1.GE.2.AND.KOUNT.GE.KMIN} GD TO 460
ICALC=2

NAN2=NAN2+1

CALL ANALIZ (ICALC}

NEW FUNCTION VALUES.

N1=NFNOH

M6=LOCI(6}

B0 430 I=1,NF

II=IA(Mb)

M6=Mb+1

RA(NS )=ARRAY(II)

Ni=NtH1

IF (IPDBG.LT.1) GO TO 440

DEBUG DUTPUT.

NAN3=NAN3+1

ICALC=3

CALL ANALIZ (ICALC)

CONTINUE

IF (IPAPRX.LT.1.0R.IPAFRX.EQ.3) GO TO 45D
PRINT PRECISE FUNCTION VALUES.
HRITE (6,770)

N2=NFNOM*NF -1

WRITE (6,700) (RA(X),I=NFHOM,N2)
CONTINUE

NEW OBJECTIVE.

NE=NFNOM+I0BJA-1
0BJ=-RA(N1)%SGHOPT

COPE2307
COPE2308
COPE2309
copra3o
COPE231}
COFE2312
COPE2313
COPE2314
COPE231S
COPE2314
COPER317
COPE231t8
COPEZ2319
COPE2320
COPE2321
COPE2322
COoPER323
COFE2324
COPE2325
COPE2326
COPE2327
COPE2328
COPE2329
COPE2330
COPE233%
COPE2332
COPE2333
COPE2334

aonnao

[z Kz Nyl

470

----- COPE2335
COPE2336

X-VECTOR.

N1=NXHOH*NXAPRX-1

KRRITE (ISCR2) (RA(I),I=NXNOM,N1)
FUNCTIONS.

N1=NFNOM*NF -1

HRITE (ISCR2) (RA[I),I=NFNOM,N1)

UPDATE PARAMETERS.

NPTOT=NPTOT+1{

IF (JJJ.LT.2.0R.KOUNT.LT.KHIN) INOM=NPTOT

COPE2337
COPE2338
COPEZ339
COPE2340
COPE2341
COPE2342
COPE2343
COPE2344
COPE2345
COPER2346

CONVERGENCE CHECK.

COPER347
COPE2348

IF (KOUNT.LT.KMIN) GO TO 130
ICK2=ICK2+1

ICK3=ICK3+1

DEL=ABS(0BJ)

IF (DEL.LT.1.0E-6) DEL=1.0E-6
DEL=(0BJ-0BJSAV }/DEL
DEL=ABS(DEL)
DEL={0BJ-0BJSAVI/DEL
DEL=ABS{DEL)

IF (DEL.GT.DELFUN) ICK2=0
DEL=ABS{0BJ-0OBJSAV)

IF {DEL.GT.DABFUN) ICX3=0

IF (ICK2.GE.2.0R.ICK3.GE.2) GO TO 460
IF (KOUNT.LT.KHAX) GO TO 130
CONTINUE

COPE2349
COPE2350
COPE2351
COPE2352
COPE2353
COPE2354
COPE2355
COPE2356
COPE2357
COPE2358
COPE2359
COPE2369
COPE2361
COPE2362
COPE2363
COPE2364

COPE2365
COPE2366

IF (IPAFRX.GT.0.AND.IPAPRX.NE.3) WRITE (6,660)
GO BACK AND PICK BEST DESIGN.
INOM=0

KOUNT=KMAX+t

IF EKOUNT.LT.JHOM) KOUNT=JNOM*1{
CTSAV=CT

CTLSAV=CTL

IF (ABS(CT).LT.1.0E-10) CT=-.004
IF (ABSICTL).LT.1.0E-10) CTL=~.001
GO TO 160

CONTINUE

CT=CTSAV

CTL=CTLSAY

STORE FINAL VALUES OF XNOM IN GLOBAL ARRAY.
N3=NXHOM

N4=NIDY

DO 510 I=1,NXAPRX

DESIGN VARIABLE NUMBER.

II=IA(NG)

IF (I1.EQ.0) GO TO 500

DESIGN VARIABLE UPDATE.

N1={0CI(1)

N2=LOCI(2)

N5=LOCRI(5)

DO 490 J=1,NDVTOT

IF (IA(NC).NE.II) GO TO 480
UPDATE VARIABLE J.

COPE2367
COPE2368
COPE2369
COPE2270
COPE2371

COPE2372
COPE2373
COPER2374
COPE2375
COPE2376
COPE2377
COPE2370
COPE2379
COPE2380
COPE2381

COFE2382
COPE2383
COPE2384
COPE2385
COPLE23856
COFE2387
COFE2388
COPE2389
COPE239%0
COPEZ391

COPE2392

COPER393
COPE239%



0¢ce

480

490
500
510

570
580

5%0
600
610

620
630

640

650

660
670
680
690
700
710
720
730
740
750
760
770

JJ=TA(N1) COPE2395
ARRAY(JJ)=RA(H3)¥RA(NS) COPE2396
NI=N1#+ COPEZ197
N2=H2¢1 COPE2398
N5=N5+1 COPE239%
CONTINUE COFEC400
H3=N3+1t COPE240!
N4=Nao+1 COPE2402
STORE FINAL VALUES OF FNOM IN GLOBAL ARRAY. COFE2003
M6=LOCI(6) COPEC404
N1=NFNOH COreE2405
00 520 I=1,NF COPE2406
II=IA(H6) COPE2407
Mo=H6+1 COPE2408
ARRAY(II}=RA(N1) COPEZ409
Ni=N1+1{ COPE2410
CONTINUE CoPE24Y1
RETURN COPE2412
------------------------------------------------------------------ COPE2413
FORMATS COPE2414

---COPE2415

FORMAT (//5X,71HTHO CONSECUTIVE APPROXIMATE OPTIMIZATIONS HAVE PROCOPE2416
tDUCED THE SAME DESIGN//5X,23HOPTIMIZATION TERHIMATED) COPE2417
FORMAT {/5X,22HAPPROXIMATING FUNCTION,I5,17H IS THE OBJECTIVE) COPE26418
FORMAT (/5X,51HAPPROXIMATING FUNCTIONS ASSOCIATED WITH CONSTRAINTSCOPE2419
1) CORE2420
FORMAT (5X,10I5) COPE2421
FORMAT (//5X,63HDESIGN VARIABLE NUMBERS ASSOCIATED WITH APPROXIMATCOPE26422
1ING VARIABLES) COPE2423
FORMAT (//5X,59H®» # LEAST SQUARES FIT TO APPROXIHMATION DATA 1S SINCOPE2424

1GULAR ® #/5X,24HRESULTS MAY NOT BE VALID) COPE2425
FORMAT (/5X,15HFUNCTION NUMBER,I5,25H  GLOBAL VARIABLE NUMBER,I5/COPE26G26
15X, 12HCOEFFICIENTS) COPE2427

FORMAT (/5X,44HSIDE CONSTRAINTS ON APPROXIMATE OPTIMIZATION//SX,12COPE2428
1HLOWER BOUHDS ) COPE2429
FORMAT (/5X,12HUPPER BOUNDS) COPE2430
FORMAT (//5X,76HOPTIMIZATION HAS PRODUCED AN X-VECTOR WHICH IS THECOPE2431
1 SAME AS A PREVIOUS DESIGN) COPE2432
FORMAT (/5X,51HTHE FOLLOWING DESIGN IS NOT THE APPROXIMATE OPTIMUMCOPE2G33
B COPE2434
FORMAT (/5X,60HFOUR ATTEMPTS HAVE FAILED TO PRODUCE AN INDEPENDENTCOFE2435
1 X-VECTOR/5X,52HOPTIMIZATION WILL COMTINUE WITH MOST RECENT X-VECTCOPE26436

20R) COPE2437
FORMAT (1H1,4X,40HFINAL RESULT OF APPROXIMATE OPTIMIZATION) COPE2438
FORMAT (1H1,4X,42HAPPROXIMATE OPTIMIZATION ITERATION HISTORY) COPE2439
FORMAT (///5X,22HBEGIN ITERATION NUMBER,I5) COPE2440
FORMAT (/5X,23HHOMINAL DESIGN HUMBER =,15//5X,8HX-VECTOR) COMNE244)
FORMAT {5X,5E13.5) COPE2442
FORMAT (/5X,15HFUNCTION VALUES? COPE2443
FORMAT (//5X,26HTAYLOR SERIES COEFFICIENTS) COPEZ444
FORMAT (//5X,35HRESULTS OF APPROXIMATE OPTIMIZATION) COPE2645
FORMAT (/5X,14HDELTA-X VECTOR) COPEZ4ab
FORMAT (/5X,8HX-VECTOR?} COPE2447
FORMAT (/5X,27HAPPPOXIMATE FUNCTION VALUES) COPER448
FORMAT (/5X,23HPRECISE FUNCTION VALUES) COPE2449

END COPE2450
SUBROUTINE COPE10 (XI,Y,XNOM,FNOH,NPTOT,KQUNT,BLU,IGFN,IOBJA,ISC,NCOPE2451

1XAPRX, NF ,NCONA, SGNOPT,CTHIN, CTLMIN, ISCR2,HGHT , INOM, HPMAX, JHOM ) COPE2452
DIMENSION XI(NXAPRX,1), Y(HNF,1), XHOM(1), FHOMt?!), BLU(&4,1), IGFN{COPEZ453
113, ISCU1), WGHT(Y) COPER454
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ROUTIME TO SET UP ARRAYS FOR TAYLER SERIES EXPANSION. COPE2456
L e e I R T R Y L AR T R T R S R L Dol o [ A T 4

COPE2458
BY G. N. VANDERPLAATS JAN., 1979, COPE2459
NASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE2460

COPE26461
REWIND ISCR2 COPE2462

DO 10 J=1,NPTOT COPE2463
READ (ISCR2) (XI(I,J),I=1,NYAPRX) COPE24b4
READ (ISCR2} (Y(I,J),1=1,NF] COPEC465
------------------------------------------------------------------ COPE2466

FIND BEST NOMIMAL IF REQUIRED. COrE2467
------------------------------------------------------------------ COPE26G66
IF (KOUNT.LE.1.AND.INOM.GT.0) GO TO 20 COPE2469
IF (KOUNT.GT.1.AND.KOUNT.LE.JHOM) GO TO 20 COPL2470

CALL COPE1t (NPTOT,Y,NF,ItlOM,BLU,NCONA,IGFN,I0BJA, SGHOPT,CTHIN,CTLCOPEZ47Y

1MIN, 1SC) COrEC472

CONTINUE COPE247S
------------------------------------------------------------------ COPE2G74

CREATE XHOM AHD FHOM., COPESGTS
------------------------------------------------------------------ COPE2476
DO 30 I=1,NXAPRX COPE2477
XNOM(I)=XI(1,IHOM) COPE2478

DO 40 I=1,hF COPEZA4T79
FHOMEI)=Y(T,1HOM) COPE24BD
NP=NPTOT-1 COPEZ481
IF (INOM.EQ.NPTOT) GO TO 80 CUPE2482
------------------------------------------------------------------ COPE2483

SHIFT XI AND Y. COPEC484
------------------------------------------------------------------ COPE2485

DO 70 J=IMOM,hP COPE2486
DO 50 I=1,HXAPRY COPEZ487
XI(1,JI=XI(I,J41) COPEZ4DD
DO 60 I=1,NF COFEC439
YOI, DI=Y(T,041) COPEZ490
COHTINUE COFE2491
CONTINUE COPE2492
------------------------------------------------------------------ COPE2493

REPLACE XI BY DELTA-XI AMD Y BY DELTA-Y COFE2494

------------------------------------------------------------------ COPE2495
DO 150 J=1,NP COPE2496
DD 99 I=1,NXAPRX COPE2497
XI(I,J1=XI{T,J)-¥NONIT) COPE2498
DO 100 I=1,NF COPEZ499
Y(I,J)=Y(I,J)-FNOMLT) COPEC500
CONTINUE COPE2501
------------------------------------------------------------------ COPE2502

WEIGHTING FACTORS. COREZ503
------------------------------------------------------------------ COPE2504

SHAX=1.0E-10 COPE2505
DO 130 J=1,uP COPEC506
SUM=0. COPEZ507
DO 120 I=1,MXAFRX COPEZ508
SUN=SUNM+XT(L,J)%%2 COPEZ509
IF (SUM.GT.SMAX) SHAX=SUM COPE2510
WGHT(J)=SORT(SUN) COPE2511
SMAX=SART( SMAX ) COFEZS512
DO 140 I=1,HP COPEZSI3

WEHTII)=2, -WEHT(I)/SHAX COPEIS14
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IF (NP.LE.NPMAX) RETURN COPE251S
------------------------------------------------------------------ COPEZ516
REDUCE THE NUMBER OF DESIGNS TO NPMAX COPER517
--------- - - e __COPE2518
NPMX1 =NPHAX+1 COPE2S19
NPSAV=NP COPE2520
DO 200 II=HPHX!,NPSAV COFE2521
FIND DESIGN WITH MINIMUM KEIGHTING FACTOR. COPE2522
WHIN=NGHT{ 1) COPE2523
IMN=1 COPE2524
D0 150 I=2,NP COPE2525
IF (WGHT(I).GE.KMIN) GO TO 150 COPE2526
WHIN=WGHT(I) COPE2527
IHN=1 COPE2528
CONTINUE COPE2529
IF (IMH.EQ.NP) GO TO 190 COPE2530
SHIFT XI, Y AND WGHT. COPE2531
NPM1 =NP-1 COPE2532
DO 180 J=IMN,NPHI COPE2533
DO 160 I=1,NXAPRX COPE2534
XI(T,J)=XI(T,d41) COPE2535
DO 170 I=1,NF COPE2536
YOI, J)=Y(I, 0413 COPE2537
HGHT(T)=HGHT(I+1) COPE2538
NP=NP-1 COPE2539
CONTINUE COPE2540
RETURN COPE2541
EHD COPE2542
SUBROUTINE COPE11 (NPTOT,Y,NYR,INOM,BLU,NCONA,IGFN,I0BJA,SGNOPT,CTCOPE2543
1MIN,CTLMIN, ISC) COPE2544
DIMENSION Y(NYR,1), BLU(4,1), IGFN(1}, ISC(1) COPE2545
n HUMNRR T TRPT EPTTEE COPE2546

ROUTINE TO DETERMINE NOMINAL DESIGN FOR APPROXIMATE OPTIMIZATION. COPE2547
HRMANNAM MMM RERNNERNNNCOPE2ELS

COPEZ549
BY G. N. VANDERPLAATS JAN., 1979. COPE2550
NASA AMES RESEARCH CENTER, MOFFETT FIELD., CALIF. COPE2551
NOMINAL DESIGN IS THE ONE WITH LOWEST OBJECTIVE SATISFYING ALL COPE2552

CONSTRAINTS. IF ALL DESIGNS VIOLATE CONSTRAINTS, THE DESIGN WITH COPE2553

THE LEAST VIOLATION IS FOUND. COPE2554
11 IS DESIGN WITH LOMEST MAXIMUM CONSTRAINT VALUE. COPE2555
12 IS THE DESIGN WITH THE LOMEST OBJECTIVE SATISFYING ALL COPE2556
CONSTRAINTS. COPEZ557
CT1=ABS(CTMIN) COPE2558
IF (CT1.LT.0.004) CT1=0.004 COPE2559
CTL1=ABS(CTLMIN) COPE2560
IF (CTLY.LT.0.001) CTL1=0.001 COPE2561
R ORCE TR R COPE2562

FIND MAXIMUM OBJECTIVE. COPE2563

B COPE2564

OBJMAX=-Y(10BJA, 1 )#SGHOPT COPE2565
DO 10 J=2,NPTOT COPE2566
0BJ=-Y(I0BJA,J IWSGHOPT COPE2567
IF (OBJ.GT.OBJMAX) OBJMAX=0BJ COPE2568
CONTINUE COPEZ569
------ - - S mmmmeemmmeeiceceieece---COPE2570
NOW FIND DESIGN VARIABLE WITH LOWEST OBJECTIVE SATISFYING ALL COPE2571
CONSTRAINTS AND DESIGN WITH LEAST CONSTRAINT VIOLATION. COPE2572
------------------------------------------------------------------ COPE2573
GMAX=1.0E+20 COPE2574

OO0OONOOODOOO00000000000000

c

c

c

= COPE2575
12=0 COPE2576
DO 50 J=1,NPTOT COPE2577
OBJECTIVE. COPE2578
0BJ=-Y{I0BJA,J )*SGNOPT COPE2579
COHSTRAINTS. COPEZ560
ICON=0 COPE2581
Gi=-1. cope2582
DO 30 I=1,NCOHA COPE2583
II=IGFN(T} COPE25234
GG=Yt{II.J) COPE2585
LOWER BOUND. COPEC586
IF (BLUI1,T).LT.~1.0E+15) GO TO 20 COPE2587
ICOH=ICON*1 COPE2588
CT=CTH COFE2589
IF (ISC(ICON).GT.0) CT=CTLI COPEC590
G={BLUI1,1)-66)/BLUC2,I)-CT COPE2591
IF (G.GT.G1) G1=G COPEC592
UPPER BOUHND. COPE2593
IF (BLUt3,I).GT.1.0E#15) GO TO 30 COPE2594
ICON=ICON*t COPEC595
CT=CT! COPE2596
IF (ISCUICON!.BT.0) CT=CTLY COPE2597
G=16G6-BLU(3,1))/BLU(4,]I)-CT COPE2598
IF (6.GT.5Y) Gi1=6 COPE2599
COHTINUE COPEZ600
IF (G1.LT.0..0R.G1.GT.GHAX) GO TO 40 COPE2601
I1=y COPE2602
GHMAX=G1 COPEZ2603
IF (0BJ.GT.0BJMAX.OR.G!.GT.D.) GO TO 50 COPE2604
12=J COPEZ605
0BJHAX=0BJ COPE2606
CONTINUE COPE2607
INOM=I1 COPE2608
IF (I2.GT.0) INOM=I2 COPE2609
RETURN COPE2610
END COPE2611
SUBROUTINE COPE12 COPE2612

U0 0060303006 U000 00000 060D 0000 00 NI MM MM COPE 2613
ROUTINE TO PERFORM A LEAST SQUARES FIT OF AN ARBITRARY FUNCTION OFCOPE26164

NV VARIABLES. COPE2615
Y = FIX1,X2:...,XNX) @ BOIMF(1) + B(2IRF(2} + ... ¢ BIMI#F(H) COPEC616
BT U TEW 30 60236 22D NN L1 » HHNCOPE2617
COPE2618

BY G. N. VANDERPLAATS JAN., 1979. COPEZ619
NASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE2620
" ARGUEMENTS, COPEZ621
X»Y - INPUT ARRAYS OF OBSERVATIONS OF NP POINTS COPE2622
X(NXyNP), YINF,NP) COPED6R3

NX - NUMBER OF INDEPEMDENT VARIABLES OF WHICH Y IS A FUNCTION, COPE2624
NP - MUMBER OF OBSERVATION POINTS. COPE2625
NF - NUMBER OF SEPERATE CURVE FITS BEING DONE SIMULTANEOUSLY. COPEZ626
THIS IS THE NUMBER OF SETS OF Y VALUES. COPE2627

M ~ NUMBER OF COMPONENTS OF THE FUNCTIOMS TO BE FITTEOD. COFE2628
B - APRAY OF M COEFFICIENTS OF FUNCTIONAL FIT TO DATE. COPER2629
A - M(M*1)/2 HORK VECTOR. COPE2630
F - HORK VECTOR - F(H]. COPE2631
G ~ HORK VECTOR - GIHF). COPE2632
N<R - DIMEHSIOMED RDW5 OF X. COPERE3]
NYR - DIMEMSIONMED RQUS OF Y, COPEC634
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HBR - DIMENSIOHED RCWS OF B,

HWGHT - ARPAY O WEIGHTING FACTORS - WGHTINPI,
NER - ERROR FLAG. IF NER.GT.0, DIAGONAL ELEMENT MER OF A IS

LESS THAN 1.0E-10.

USER SUPPLIED SUBROUTINE, COPE13.
USAGE
CALL COPEVI(XI,F,HX,HM}

ROUTINE TO EVALUATE COMPOMENTS F(1),...

FITTED TO DATA.

TO DATA. RQUTINE EVALUATES THE FUNCTIONS FOR A SINGLE VECTOR OF
XI AND STORPES THE RESULTING YALUES IN VECTOR F.

ARGUEMENTS.

XI ~ VECTOR OF INDEPENDENT VARIABLES AT WHICH FUHCTIOHS ARE

T0 BE EVALUATED.
VECTOR OF FUNCTION VALUES.

F
NX
M

SUBROUTINE COPE12 (X,Y,NX,NP,NF,M,B,A,F,G,NXR,NYR,NBR,WGHT,NER)
DIMENSION X(NXR,1), Y{NYR,1}, BINBR,!},

DIMENSION WGHT(1}
TF (NX.LE.NP} GO TO 50

SPECTAL CASE. FEWER OBSERVATIONS THAN DESIGN VARIABLES.
AVERAGE FINITE DIFFERENCE FOR FIRST ORDER EXPANSION.

NPt =NP+1

AP=FLOAT(NP)

00 28 I=t,NX

X(I,NP1)=AP

DO 10 J=1,NP

IF {ABS{X(I,J)).6T.1.0E-10) GO TO 10
X(I,NP1)=X{I,HP1)-Y,
X(I,J)=1.0E+20

CONTINUE

IF (XCILNP1).LT.1.) XUI,NPY)=1.
CONTINUE

D0 40 I=1,HRX

DO 40 J=1,NF

B(I,J)=0.

DO 30 K=1,NP
BUI,JI=B(I,J)*Y{J,K)/X(I,K)
B(1,J)=B{I,J)/X(I,NP1)

NER=0

RETURN

CONTINUE

GENERAL CASE. DO LEAST SQUARES FIT.
A=B=0.

DO 60 J=1,NF

DO 60 I=1,M

B(I,J)=0.

L=tM*(Mtt })/2

DO 70 J=t,L

A(J)=0,

LOWER TRIAMGLE OF A IN SYMMETRIC MODE.

DO 100 K=1,NP
WEHTK=HGHTI(K)

CALL COPET3 (X(1,K),F,NX,H)
L=0

00 60 J=1,H

00 80 I=1,J

+F(M) WHICH ARE TO BE

NUMBER OF INDEPENDENT VARIABLES OF WHICH Y IS A FUNCTION.
NUMBER OF FUNCTION COHPOMENTS, ALSO RERUIRED DIMENSIOH OF FCOFE2652

COPE2635
COPE2636
COPECGL37
COPEC638
COrgce3s
COFL2640
COPE2641

corgeea
COPE20643
COPEZ644
COPEC645
COFE2646
COPE2647
COPE2648
COPEZ649
COPEC650
COPER651

COPE2653
COPE2654
COPE2655
COPER656
COPE2657
COPE2658
COPE2659
COPECS6D
COPE2L6Y

COPE2662
COPE2663
COPE2664
COPE2665
COPE2666
COPE2667
COPE2668
COPE2669
COPE2670
COPE2671t

COPE2672
COPE2673
COPE2674
COPETH75
COPE26T76
COPE2677
COPER678
COPE2479
COore2e80
CoPE2681

COPE2682
COPE2683
COPE2484
COPE2685
COPE2686
COPE2687
COPE2688
COPE24689
COFE2690
COPE2691

COPEZ692
COrER2693
COPEC6%4

90
100

110

120

130

140

L=ttt
ACL)=ACLI+F I )®F(JIWHGHTK
Y*F

DO 90 L=1,NF
YLE=Y{ L, K)PHCHTK

D0 90 I=1,M
BIX,L)=BIT,L)+YLK*F(T)
CONTINUE

SOLVE FOR B,

IF (M.LE.1} GO TO 200
LDU DECOMPOSITION.
MHM1=H-1

KK=0

D0 110 K=1,MM1

NER=K

KK=KK+K

IF {ABSCA(KK)),LT.1.0E-20) GO TO 220
FACT=1./A(KK)
A(KK)=FACT

KP1=K+1

KJ=KK

D0 110 J=KPt,M
KJ=KJ*J-1
GG=A(KJI*FACT

KI=KK

IJ=KJ

DO 110 I=KP1,J
IJ=IJt1

KI=KI+I-1
AlLTJI=A(IJ)-ALKI)I*GG
CONTIHNUE

KK=KK+H

NER=M

IF (ABS(A(VK)).LT.1.0E-20) GO TO 220
ACKK!=1,/ALKK)
FORWARD SUBSTITUTION
MP1=H#1

KK=0

DO 130 K=1,MM1
KP1=K+1

KKZKK+K

AKE ZAlTKK )

DO 120 L=1,NF
BOK,LI=BUK, L1%AKK
KI=KK

DO 130 I=KP1,H
KI=KI+I-1

AKI=A(KI)

DO 130 J=1,NF
B(I,J)=B{I,J)-AKI*B{K,J}
CONTINUE

KK=KK+M

AKK=ATKK}

DO 140 J=1,NF
BIMH,J)=B(H,JI*AKK
BACK SUTSTITUTION.

DO 190 I=2,M

J=np1-1

NNENLIGRL D Va4

JK=JJ

COPERGL95
COPEZ69%
COPER2697
COPE2698
COPE2699
COPE2700
COPE2701

Core702
COPE2703
COPE2704
COPER705
COPE2706
COPE2707
copg2708
Cope2709
copPE2710
copg2711
copE2712
COPE2713
COPE2716
COPE2715
COPER716
CoPERT717
cope2718
COPE2719
COPE2720
corez7214
COFE2722
cope2723
COPE2724
COPE2725
COPE2726
Cobe2727
COPE2728
COPE2729
COPE2730
COPE2731

CoPE2732
COPE2733
COPE2734
COPE2735
COPE2736
COPE2737
COPE2738
COPEC739
COFE2740
COPE2741

COPER2742
COPE2743
COPE2744
COPE2745
COPER2746
coPE2747
COPE2748
COPE274%
COPE2750
COPE2751

COPE2752

CoPE2753
COPER754
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JP1=J#) CoPL275%
00 150 L=1,NF COPE2756
GlL)=0. COPL2757
DO 170 K=JP1,M COPEZ758
JK=JK4K-1 COPE2759
AJK=ALJK) COPE2760
DO 160 L=t,NF COFER761
G(L)=G(L)+*AJK*B(K,L) COPER762
CONTINUE COPEZ763
AJJzALLS) COPER764
DO 180 L=1,NF COPEC765
B(J,L)=B(J,L)-AJJ*GIL) CCPER766
CONTINUE COPE2767
NER=0 COPE2768
RETURN COPE2769
CONTINUE COPE2770
AKK=A(1) COPE27TM
NER=1{ CoPE2772
IF (ABS{AKK).LT.1.0E-20) GO TO 220 COPE2773
AKK=1./AKK corEa774
DO 210 J=1,NF COPE2775
B(1,J}=B(1,J)AKK COPER2776
NER=0 COPE2777
RETURN COFE2778
CONTINUE COPE2779
RETURN COPE2780
END CoPE2781
SUBROUTINE COPE13 (X,F,NX,M) COPE2782
OIHENSION X(1), F(1)} COPE2783

FEUEMIIEI UGN TEIEIE T 0600 0006000 0 DTN 0TI 0000 DI D0 00 0 MM M R A N RN COPE 2784
ROUTINE TO CALCULATE F VALUES FOR LEAST SRUARES FIT TO QUADRATIC COPE2785
Y-Y0 B DY-TRANSPOSE TIMES X + (1/2 X-TRANSPOSE TIMES H TIMES X. COFE2786
D PDEI0 U000 D003 I 0 HEHET I DI 0 W I NN NN NN NN UNRRCOPE2787

COPER788

BY G. N. VAHDERPLAATS JAN., 1979, COPEC789
X CONTAINS X-X0. COPE2790
H = MAXIHUM NUMBER OF COEFFICIENTS TO BE CALCULATED. COPE2791
H .LE. NX * (NX*1)/2. COPE2792

0Y COEF. COPE2793
DO 10 I=1,NX COPE2794
F(E)=X(I) COPE27%5
H COEF. = X1#X1, X2#X2, ... XN¥XN, Xi#X2... X1#*XN., COPE2796
II=NX COPE2797
COPE2798

COPE2799

COPE2800

00 20 I=1,NX COPE2801
II=I1I+1 COPE2802
IF (I1.GT.M} GO TO 40 COPE2803
FUIT)=.5#(X(I}%%2) COPECBOY
IF (NX.LT.2) RETURN COPECB0S
e - e e bt e b L L LD L L L LD LD COPE2806
OFF-DIAGOMAL ELENENTS, COPE2B07
----------------------------------- COPE2808

NXH{=NX-1 COPE2809
DO 30 I=1,NXM\ copeE2810
IP1=I#1 COPE2811
00 30 J=IP1,NX COPE2812
II=1I*1 COPE2813
IF (I1.GT.H} GO TO 40 COrEDBte

30
40

0OO0O0O0000000

nooOoo onoo

o000

FOIDI=N(T)#X(J) CoreEzals
CONTINUE COPECB16
RETURH COFEL8Y7
EHD COrezais
SUCROUTINE CCPE1G (MXAPRX,NF,HPTOT,RA,IA,LOCR,LOCE,TITLE,INOM,NDV,COPE2819
11PAPRX,ISCR2,MAXTRH) COPE282D
DIMENSION RAt11}, IA(1), LOCR(t), LOCI(1), TITLE(1) COPEC&21
ELLE IS RIS SRR R AL L) L2 23] » wadwanu¥sCOPELAD2
ROUTINE TO PRINT RESULTS OF APFROXIMATE ANALYSIS/OPTIMIZATION. COFE2823
LR d] LELIEL] HHNMNAN A wuxCOPERB24G
COPE2825

BY G. N. VANDERPLAATS JAN., 1979, COFE2826
NASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPECRL7
coPECB28

-------------------------- - ~-COPE2BLY
TITLE COPE2830
------------------------- - ———- ----COPECO3I
HRITE {6,90) (TITLE(I),I=1,20) Copelase
------------------------------------------------------------------ COPEZ833
GLOBAL LOCATIOH OF X AHD F(X) COPE2B34
-------------------------------------------- COPECB3S
GLOBAL LOCATIONS OF X. COFE2836
M5=LOCI(5) COPEC837
MM5=M5+HXAPRX~1 COPE2838
HRITE (6,100) COPE2839
HWRITE (6,110) (IA(I),I=M5,HM5) COPE2840
GLOBAL LOCATIONS OF FiX). COPEZ284)
He=LOCIL6) COFE2842
MH6=H6+NF -1 COPE28G3
HRITE (6,140) COPE2844
WRITE (6,110) (IA(T),I=M6,HME) COPEC845
------------------------------------------------------------------ COPEZ846
X-VALUES AHD FUNCTIONS, Fi{X) COPERB47
------------------------------------------------------------------ COPE2848
X-VALUES. COPE2849
N1=LOCR(23)+3%NXAPRX*6 COPE2850
N2=N1+NXAPRX-1 COFE2851
HRITE (6,120) NPTOT, INOM CcoPE2852
WRITE (6,130) (RA(I),I=N1,N2) COPE2853
FUX} VALUES. COPEZB54
HT=N1+NXAPRX+NDV COFE2855
NZ2=N1+NF -1 COPEC856
HRITE (6,150]) COPEZB57
HWRITE (6,130) (RA(I),I=N1,N2) COPE2858
------------------------------ - ----COPE2859
TAYLER SERIES COEFFICIENTS COPE2860
------------------------------------------------------------------ COPE2841
HRITE (6,170} COPECB62
NP=NPTOT-1 COPE2863
NBTAY=N1+2%KNF COFE2B6G
NBR=NXAPRX*{ NXAPRX#UNXAPRX+1)1/2 COPE2865
IF {MAXTRM.LT.3) NBR=IAXTRM*NXAPRX COPE2866
00 30 JJ=1,NF COPEZB67
M6=LOCI(6)+JJ-1 COPE2868
M6=1A(N6) COPE2869
WRITE (6,80} JJ,H6 COPEC870
LINEAR TERMS. COoPEZBT
NZ=NXAPRX COPE2872
IF {HP.LT.H2) N2=NP COFEC873
NZ2=H2+NBTAY-1 corLaezy
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20

30

HRITE (6,160) COPE2875
HRITE t6,130) (RA{I),I=NBTAY,N2} COPE2876
IF (NP.LE.NXAPRX) GO TO 20 COPE2877
IF (MAXTRH.LT.2) GO TO 20 COPE2878
NON-LINEAR TERMS. COPE2879
N1 = LOCATION OF FIRST DIAGOMAL ELEMENT. COPE2880
N1=N2#1 COPECBB1
N2 = LOCATION OF LAST DIAGONAL ELEMENT. COPEC882
N2=NXAPRX COPE2883
IF (N2.GT.NP) N2=NP COPE2884
N2=N24N1-1 COrE2885
N3=LOCATION OF FIRST OFF-DIAGONAL ELEMENT. COPECBBS
N3=N2+{ COPE2887
NG=LOCATION OF LAST QFF-DIAGONAL ELEMENT. COPE25088
N4=NBR COPE2B89
IF (N&.GT.NP) H4=NP COPEZ890
NG=NG-2%NXAPRX+N3-1 COPE2891
LL = LOCATION OF LAST OFF-DIAGONAL ELEMENT - THIS ROHW. COPEZ892
HRITE (6,190} COPE2893

II=1 COPE2894

00 10 I=N1,N2 COPE2895
HRITE (6,180} II COPE2896
II=11I#1 COPE2897
LL=N3+NXAPRX-11 COPE2898
IF {LL.GT.N4) LL=N4 COPEZB99
IF (LL.LT.N3) WRITE (6,130) RA(I) COPE2900
IF {LL.GE.N3) WRITE (6,130) RACI),(RACJ),J=N3,LL) COPE290Y
N3=LLH1 COPEZ902
CONTINUE COPE2903
NBTAY=NBTAY+NBR COFPE2904
CONTINUE COPE2905
IF (IPAPRX.LT.3) RETURN COPE2906
REWIND ISCR2 COPE2507
HRITE (6,50) COFE2908
00 40 I=1,NPTOT COPE2909
X-YECTOR, COPE2910
READ (ISCR2) (RA{J)},J=1,NXAPRX) COPE2911
WRITE (6,60) 1 COPE29t2
KWRITE (6,130) (RA(J),J=1,NXAPRX) COPE2913
FUNCTION VALUES. COPE2914
READ (ISCR2) (RA(J),J=1,NF) COPE2N 5
WRITE (6,70) COPE2916
WRITE (6,130) (RACLJ},J=1,NF) COPE2ZNT7
CONTINUE COPE2918
RETURN COPE2919
------------------------------------------------------------------ COPE2920

FORMATS COPE2921
------------------------------------------------------------------ COPE2922
FORMAT (///5X,18HSUMHARY OF DESIGNS) COPE2923
FORMAT (/5X,13HDESIGN NUMBER,I5/5X,8HX-VECTOR) COPE2924
FORHAT (/5X,15HFUNCTION VALUES) COPER925
FORMAT {//5X,9HPARAMETER,15,18H = GLOBAL VARIABLE,15) COPE2924

FORMAT (1H1,4X,44HRESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION///5COPE2927

tX,5HTITLE/5X,2044) COPE2928
FORMAT (///5X,3tHGLOBAL LOCATIONS OF X-VARIABLES) COPE2929
FORMAT (5X,1015) COPE2930

FORMAT (//5X,25HAPPROXIMATION IS BASED ON,I5,8H DESIGNS//5X,31HNOMCOFE2931

1INAL DESIGN IS DESIGN NUMBER,I5//5X,Z1HVALUES OF X-VARIABLES) COPEZ932
FORMAT (5X,5E13.4) COPE2933
FORMAT (//5X,35HGLOBAL LOCATIONS OF FUNCTIONS, F(X)) COPE2934
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,40

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT
1)

END

(//5X,25HVALUES OF FUNCTIONS, F(X})

(/5X, 1SHLINEAR TERHS, DEL F)

(/775X ,39HCOEFFICIENTS OF TAYLOR SERIES EXPANSION)
(/5X,3HRON, I5)

COPEZ935
COPC2936
COPE2937
COPER29383

(//5X,51HNON-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELEMEHCOPE2939

COPEC 940
COPEZ941

SUBROUTINE COPE15 (XV,G,DF,A,ISC,IC,NN1,BLU,NX1,I0BJA,M,FNOM,FNEW,COPE2942
1BTAY,NBR, IGFN,CT,CTL,INFO,NAC,NCONA,NDV,NF,0BJ,SGHOPT)
DIMENSION XV(1), FNOM(1), FNEH(1), A(NN1,1), BTAY(HBR,1), DF(1), ICOPEC934
1GFN({1), ISC(1), IC(1), G(Y1), BLU(G,1}

J6 3036 2 3026 30 36 34 3¢ B D626 I N MW N LAl ds

FUNCTION EVALUATION FOR APPROXIMATE OPTIMIZATION.

COPE2943

COFEZ945

HAMNMR NN RN URANNNCOPE2 946

COPE2947

FEIEIE U000 DEE NN U DO DN DR LU DM NN MR RNNNNNNN NN NN COPER 9GO

BY G. N. VANDERPLAATS

NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF.

CALL COPE16 (NX),XV,NF,FNOM, FNEWR,BTAY,NBR,M)
0BJ=-FNEW{IOBJA )*SGNOPT

IF (INFO.EQ.1) GO TO 20

GRADIENT OF OBJECTIVE.

CALL COPE17 (NX1,XV,I0BJA,BTAY,NBR,M,DF}

DO 10 I=1,HNDV

DF{1)=~DF{I)%SGNOPT

CONTINUE

IF (HCONA.LE.OQ} GO TO 80

IF (INFO.EQ.2) NAC=0

ICON=0

D0 70 I=1,HCONA

JZIGFN(I)

GG=FNEW(J)

LOMER BOUND.

IF (BLUGY,I).LT.-1.0E+15) GO TO 40
ICON=ICON#1
G{ICOH)={BLU(1,I)-GG)/BLU(2,I)

IF (INFO.EQ.Y) GO TO 40

IS THIS COMSTRAINT ACTIVE OR VIOLATED.

CTI=CT

IF (ISC(ICOM).GT.0) CTI=CTL
IF (G(ICON).LT.CTI) GO TO 40

ACTIVE

CONSTRAINT. CALCULATE GRADIENT.

NAC=HAC*!
ICIHAC)=ICON

MH=M

IF {ISCCICON).GT.0) MM=NDV

CALL COTE17 (NX1,XV,J,BTAY,NBR,MM,A(1,NAC})
FF=1./BLU(2,1)

00 30 K=1,HDV

A(K,NAC )=~A{K,NACI*FF

IF (BLU(3,I).6GT.1.0E+15} GD TO 60
ICON=ICONH!

GUICON)=I1GG-BLUL3,1)1/BLUL4, 1)

IF (INFO.EQ.1) GO TO 60

IS THIS CONSTRAIHNT ACTIVE OR VIOLATED.

JAN., 1979.COPEL94%

COPER2950
COPE2951
COPE2952
COPE2953
COPER95%
COPE2955
COFE2956
COPE2957
COFER958
COPER2959
COPER2960
COPE2961

COPE29%62
COPER2963
COPE2964
COPE2965
COPER2966
COPEZ2967
COPE2968
COFE2969
COPE2970
COPER2971
COPER2972
COPE2973
COPE2974
COPE2975
COPE2976
COPE2977
COPER978
COPE2979
COPE2930
COPE2981

COPER982
COPE2983
COPE2984
COPE2925
COPE2985
COPE2987
COPE2988
COPE29%9
COPEC990
COrEZ99N

CoPE2992
COPE2993
COPE2994
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CTI=CT COFER995
IF (ISCIICON).GT.0) CTI=CTL COPE2996
IF (GUICON).LT.CTI) GO TO 60 COrE2997
ACTIVE COHSTRAINT. CALCULATE GRADIENMT. COPE2998
HAC=HAC*H! COPE2999
IC(HAC)=ICON COPE3000D

MH=H COPE3001

IF (ISC(ICON).GT.0) MH=NDV COPE3002
CALL COPE17 (NX1,XV,J,BTAY,N3R,MM,AlL1,HAC)) COPE3003
FF=t./BLULG,T) COPE3004
00 50 K=1,HNOV COPE3005
A{K,HAC)=A(K,NAC)*FF COPE3006
COMTINUE COPE3007
CONTINUE COPE3008
CONTINUE COPEI009
PETURH COPE3010
EtID COre3ou
SUBROUTINE COPE16 (NX,X,NF,FNQM,FNEW,B,NBR,H) COFE3012

EOUPEM IO O 06 M0 0000 0D 06 D6 DRI NI NN NI NN RN AN A RNNNNRCOPESD)
ROUTINE TO EVALUATE FUNCTIONS APPROXIMATED BY TAYLER SERIES COFE3014
EXPANSION UP TO SECOHD ORDER. COPE3015
I HE DN 00600360 06 6.0 M 00 M I I M NN NN MR NN AN NN NN kN4 ¥COPESDT S

BY G. N. VANDERPLAATS MAR., 1978. COPE3017
NAVAL SHIP R AND D CENTER. COPE301S
COPE3019
F = FO + DELF TIMES X * X-TRANSPOSE TIMES DEL2F TIMES X. COPE3020
ARGUEMENTS, COPE3021
NX - NUMBER OF INDEPENDENT VARIABLES CONTAINED IM X. COPE3022
X - VECTOR OF DELTA VARIABLES X-XNOM. OIHENSIONED X(MX} COPE3023
NF - NUNBER OF FUNCTIONS TO BE EVALUATED. COPE3024
FHOM ~ NOMINAL FUNCTION VALUES ABOUT WHICH TAYLER SERIES EXPANSIOHCOPE3025
HAS DONE. COPE3026
FHEW - NEW APPROXIMATED VALUES. - OUTPUT. DIMENSIOHED FHEW(NF)  COPE3027
B - HATRIX OF TAYLER SERIES COEFFICIENTS. COPE3028
BII,J) CONTAINS DEL F, I=1,HX. COPE3029
BINX*I,J) CONTAINS DEL2 TERMS, I = 1,NX#{HX*1)/2. COPE3030
MINIMUH DIMENSIONS - B(M,NF). COPE303
NBR - DIMENSIONED ROWS OF B. COPE3032
M - TOTAL HUMBER OF COEFFICIENTS CURRENTLY USED. COPE3033
COPE3034
DIMEHSION X(1), FNOM(1), FHER(1), BINBR,1) COPE3035
DO 50 J=1,NF COPE3036
------------------------------------------------------------------ COPE3037
CONSTANT TERN COFE3038
-------------------------------------------------- COPE3039
F=FNOM(J) COPE3040
------------------------------------------------------------------ COPE3041
FIRST ORDER TERMS. COPE3042
------------------------------------------------------------------ COPE3043
DO 16 I=1,NX COPE3044
IF (1.GT.M) GO TO 40 COPE3045
FSF4BII,J)¥X(I) COPE304s
COPL3067

COPE3048
COPE3049
COPE3050
COPE305t
COPE3052
COPE3053
COPE3054

o

Oo0o0Or

30
40
50

O0O0O000O0O0N00D0O00N0000

c
c
c

o

000 -

00

B0 20 I=1,HX COPE3055
II=I1#41 COPE3056
IF (II.GT.M) GO TO 40 COPE3057
F=F+ 5¥BLIL,JI%(X(I)wn2) COPE3058
----------------------------------- COPE3059

OFF-DIAGONAL ELEMENTS COPE3060
------------------------------------------------------------------ COPE3061
IF (HX.LY.2) GO TO 40 COPE3062
HXM1=NX-1 COPE3063
DO 30 I=1,NXM1 COPE3064
IP1=IHY COPE3065
XX=X11) COPE3066
DO 30 K=IP1,HNX COPE3067
IT=1I+ COPEJ068
IF (IT.GT.M) GO TO 40 COPE3069
F=F+BIIT,J)#XX*X(K} COPE3070
CONTINUE COPE3071
FHEW(J)=F COPE3072
RETURHN COPE3073
EtiD COPE3074
SUBPOUTINE COPE17 (HX.X,J,B,NBR,M,GRAD) COPE3075

TN WD NI IO DT DU NN M NN NN NN NN A NNCOPEIDTH
ROUTIHE TO CALCULATE GRADIENT OF THE J-TH FUNCTION APPROXIMATED  COPE3077
BY TAYLER SERIES EXPANSION UP TO SECOND ORDER. COPE3078
AN NN DN NI TN DN OO DDA NN MR R NNACOPEINTY

BY G. H. VANDERFLAATS APRIL, 1978. COPE3080
HASA AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COPE308!
COPE3082

F B FO + DELF TIHMES X + .5 X-TRANSPOSE TIMES DEL2F TIMES X. COPE3083
AGRUEMENTS. COPE3084
NX - NUMBER OF THDEPRENDENT VARIABLES CONTAINED IN X. COPE3085
X - VECTOR OF DELTA VARIABLES X-XNOM. DIMENSIONED X(NX). COPE3086
J - FUNMCTION FOR WHICH GRADIENT INFORMATION IS CALCULATED. COPE3087
B - MATRIX OF TAYLER SERIES COEFFICIENTS, COPE3068
BUI,J) CONTAINS DELF, I = 1,NX. COPE3039
B{NX+I,J) COHTAINS DEL2 TERMS, I = 1,NS*{NX*+1)/2. COPE3090
MINIMUH DIMEHSIOHS - B(H,NF). COPE3091

H3R - DIMENSIONED POWS OF B. COPE3092
M ~ TOTAL HUMRER OF COEFFICIENTS CURRENTLY USED. COPE3093
GRAD - GRADIEHT OF J-TH FUNCTION. OUTPUT. COPE3094
COPE3095

DIMENSION X(11}, BINBR,1), GRAD(1) COPE3096
------------------------------------------------------------------ COPE3097
FIRST ORDER TERMS. COPE3098
------------------------------------------------------------------ COPE3099
DO t0 I=1,KHX COPE3100
IF (I.GT.M) GO TO 40 COPE310D1
GRAD{I)=B(I,J} COPE3102
------------------------------------------------------------------ COPE3103
SECOND ORDER TERMS. COPE3104
------------------------------------------------------------------ COPE3105
II=NX COPE3106
------------------------------------------------------------------ COPE3107
DIAGONAL ELEMENTS COPE3108

- COPE3109

DO 20 I=1,MX COPE3110
II=II#1 CoPE3I N
IF (IT.GY7.M) GO TO 40 COPE3112
GRAD(I)=GRADII)I*BIIX,J)*X(I} COPE3N13
------------------------------------------------------------------ COPE3114
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OFF-DIAGONAL ELEMENTS.

IF (NX.LT.2) GO TO 40
NXH1=NX-1{

DO 30 I=1,NXM!

IP1=1+1Y

D0 30 K=IP1,NX

II=1I+¢

IF (I1.GT.M) GO TO 40
GRAD(1)=GRAD(I)*BLII,J}*X(K)
GRAD(K)=GRAD(K)I*B(II,J}#*X(1)
CONTINUE

RETURN

END

SUBROUTINE COPE18 (IOBJ,NDVTOT,NCONA,RA,TIA,LOCR,LOCI,ARRAY)

COPE3115

--------------- COPE31t6

COPE3117
COPE3118
COPE3N19
COPE3120
COPE3121
COPE3122
COPE3123
COPE3I24
COPE3t25
COPE3t126
COPE3127
COFE3128
COPE3129

D66 20D DE 0P 000 DI T D006 00 BB 0D NN N RN N N kNN NCOPESE 30

ROUTIHE TO PRINT OPTIMIZATION RESULTS

COFE3131

e U DU DO O DO D0 T T DI DI T B T DE N MMM N M N R KRN UMUK U NN RCOPESI 2

BY G. H. VANDERPLAATS
NASA AMES RESEARCH CENTER, MOFFETT FIELD,

DIMENSION RA(1), IAC1), LOCR(1), LOCI(t), ARRAY(1)

OBJECTIVE FUNCTION AND DESIGN VARIABLES.
WRITE (6,30) I0BJ,ARRAY(IOBJ}
N2=LOCR(2)

N3=LOCR( 3)

N5=LOCR(5)

H2=L0CI(2)

DO 10 I=1,NDVTOT
DESIGN VARIABLE NUMBER.
IDV=IA(M2)
N2=LOCR(2)+IDV-1
N3=LOCR(3)+I1DV-1
H2=H2+1

GLOBAL LOCATION.
IG=IA(I}

HULTIPLIER.
AMULT=RAINS)

NS=N5t+1

LOWER BOUND.
BL=AMULT*RA(N2)

VALUE.

XX=ARRAY(1G)

UPPER BOUND.
BU=AMULT#RA(N3)

WRITE (6,40) I,IDV,IG,BL,XX,BU
CONTINUE

IF (HCONA.EQ.0) RETURN
CONSTRAINTS.

WRITE (6,50)

H3=LOCI(3)

N6=LOCR{(6)

D=1

IF (RA(N6).LT.-1.0E+15.AND RA(NG6+2).GT.1,0E415) ID=0

DO 20 I=1,NCONA
GLOBAL LOCATION.
IG=IAIN3)
M3=M3+#1

LOWER BOUND.
BL=RA(NS)

VALUE.

1979 COPE3133
COPE3t 34
COPE3135
COPE3136
COPE3137
COPE3138
COPE3!139
COPE3140
COPE3141
COPE3142
COPE3143
COPE3144
COPE3145
COPE3146
COPE3147
COPE3148
COPE3149
COPE3150
COPE3Y5Y
COPE3iS52
COPE3153
COPE3154
COPE3155
COPE3156
COPE3157
COPE3158
COFE3159
COPE3160
COPE36t
COFE3162
COFE3163
COPE3164
COPE3165
COPE3t66
COFE3167
COFE3168
COPE3169
COPE3NTY
COPEXI T
COPE3172
COPEX 73
COPE3174

wOooon

0

40
50

60

144

XX=ARRAY(IG)

UPPER BOUND.

BU=RA(NE+2)

N6=N6*+4

IDEHNTIFICATION NUMBER.
Jo=10

IF (BL.GT.-1.0E+15) ID=ID+!
IF (BU.LT.1.0E+15) ID=ID*1
WRITE (6,60) JD,IG,BL,XX,BU
CONTINUE

RETURN

COPE3N75
COPE3176
COPE3177
COPE3t78
COPE3179
COPFE3180
COPE3181
COPE3182
COPE3183
COPE318L
COFE318S
COPE3186
COPE3187
COPE3188

FORMAT (1H1,4X,20HOPTIMIZATION RESULYS///5X,18HOBJECTIVE FUNCTION/COPE3189
15X, 15HGLOBAL LOCATION,I5,5X,14HFUNCTION VALUE,E12.5///5X,16HDESIGNCOPE3190
2 VARIABLES//14X,5HD. V.,5X,6HGLOBAL,7X,5HLONER, 23X, 5HUPPER/DX,ZHIDCOPE31 91

3,5%, 3HHD, ,5X, 8HVAR, NO.,6X, S1BOUND, 9X, SHYALUE , 9%, 5HBOUND )
FORMAT (110,17,1'1,3X,3E14.5}

COPE3192
COPE3193

FORMAT (///5X,18HDESIGH CONSTRAINTS//15X,6HGLOBAL, 7X,SHLOWER,23X,5COPE3194

1HUPPER/9%,2KHID,4%,84VAR. HNO.,6X,5HBOUND,9X,5HVALUE, 9X,5HBOUND )

FORMAT (I10,19,3X,3E14.5)
EHD

COPE3195
COPE3196
COPE3197
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SUBROUTINE COHMIM (X,VLB,VUB,G,SCAL,DF,A,S,61,62,B,C,I5C,IC,MS1,NICONMIN
1,132,N3,NG4,N5) COUMIN
COMHON /CNMN1/ DELFUM,DABFUN,FDCH, FOCHM,CT,CTHIN,CTL,CTLHIN, ALPHAXCONNIN
1,ABOBJY,THETA,OBJ,HOV,NCCN,HNSIDE , IPRINT, ,NFDG,HSCAL, LINODJ, ITHAY, ITCOMNIN
2RM, ICHDIR,1GOTO,HAC, INFO,INFOG, ITER COHMIN
DIMENSION X(MN1), VLB(N1), VUBIN!), G(NZ}, SCAL{M}), DFIN1), ACN1,HCOMHIN
13)y S(N1}, GIUN2), G2(N2), B{N3,N3), C(H41, ISCINZ), IC(N3), MSI{HNCOHMIN
25 CONMIN
COMMON /CONSAV/ DH1,DM2,0M3,DM4,DHS,DM5,007,0M8,0M9,0M10,DHM11,0HM) 2CONMINIO
1,DCT,0CTL, PHI,ABOBJ,CTA,CTAM,CTBN,0BJY,SLOPE,DX,DX?,FI,XI,DFTOF1,ACOHMINI
2LP,FFF,A1,A2,A3,A4,F1,F2,F3,F4,CV1,CV2,CV3,CV4,APP,ALPCA,ALPFES,ALCONITINI2
IPLNLALPHIM,ALPHC,ALPSAV,ALPSID,ALPTOT,RSPACE,IDM1, I0M2, IDM3,JOIR, ICOHIMINI3
40BJ,KOBJ,KCOUNT,NCAL(2),HFEAS,MSCAL,HCOBJ, HVC,KOUNT, ICOUHT, 1G00D1 ,COHMINT4

VPN W P W

5160002, I600D3,1600D4,IBEST,I1I,NLNC,JGOTO, ISPACE 2) COHNINIS
ROUTINE TO SOLVE CONSTRAINED OR UNCONSTRAINED FUNCTION CONNINTG
MINIMIZATION. CONMINT?
BY G. N. VANDERPLAATS APRIL, 1972. COHNINIS
K W% W K@ xN® JUNE, 1979 VERSION % ® » » @ » ® » # % »CONIINIG
HASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COHMIN20
REFERENCE; COMMIN - A FORTRAN PROGRAM FOR CONSTRAINED FUNCTION  CONMIN21

MINIMIZATION: USER'S MANUAL, BY G. N. VANDERPLAATS, COHMIN22
NASA TH X-62,282, AUGUST, 1973. COHMINZ3
STORAGE REQUIREMENTS: COMMINRG
PROGRAM - 7000 DECIMAL WORDS (CDC COMPUTER) CONMINZS
ARRAYS - APPROX. 2%(NDV¥%2)426%HDV+4¥NCOM, CONMIN26
WHERE N3 = NDV+2, CONMINZ?

RE-SCALE VARIABLES IF REQUIRED. COHNINZS
IF (NSCAL.EQ.0.0R.IGOTO.EQ.0) GO TG 20 COMNINZ9
DO 10 I=1,NDV COHNIN30
X(I)=C(I) CONMIN3Y
CONTINUE CONIIN32
CONSTANTS. COHMIN33
HDV1=NDV+1 CONNIN3G
NDV2=NDV+2 COHMIN3S
IF (IGOTO.EQ.0) GO TO 40 COHMINIG
------------------------------------------------------------------ COHMIN3?
CHECK FOR UNBOUNDED SOLUTION COHMINIS
------------------------------------------------------------------ CONMIN3S
STOP IF OBJ IS LESS THAN -1.0E+40 COHMINGO
IF (OBJ.GT.-1.0E+40) GO TO 30 CONMINGY
WRITE (6,980) COHNING2
GO TO 810 COHNINGS
CONTINUE COHMINGG
GO TO (160,390,380,670,6901,160T0 CONMINGS
------------------------------------------------------------------ CONIIHA6
SAVE INFUT CONTROL PARAMETERS CONHING?
------------------------------------------------------------------ COHMINGS
CONTINUE CONMINGY
1F (IPRINT.GT.0) WRITE (6,1220) COHHINSO
IF (LINOBJ.EQ.0.OR.(NCON.GT.0.OR.NSIDE.GT.0)) GO TO 50 CONMINSY
TOTALLY UHCOMSTRAIMED FUNCTIOM WITH LINEAR OBJECTIVE. CONNINS2
SOLUTION IS UHBOUMDED. CONHINS3
WRITE (6,970) LIMOBJ,HCOH,NSIDE COHHINSG
RETURN COHMINSGS

CONTIHNUE CONNINSS
IDM1=XTRM COMMINST
I0M2=1THAX COHNTIHS8
IDM3=ICHDIR COHMINSY
DM1=DELFUN CONNINAQ

DI:2=DABFUN COrtING Y

SN NS

o00

DM3=CT
DN4G=CTMIN
DHs=CTL
DM5=CTLMIN
DM?7=THETA
DHB=PHI
DH9=FDCH
DM10=FDCHM
DH11=AEDBJI1
DH12=ALFHAY

IF (ITRM.LE.O) ITRH=3

IF (ITHAX.LE.0) ITHAX=20
NDVE=HDV ¢

IF (ICHDIR.EQ.0) ICHDIR=NDVI1
IF (DELFUH.LE.O.) DELFUN=.000%
CT=-ABS(CT)

IF ¢CT.GE.D.) CT=-.1%
CTHIN=ABSICTHMIN)

IF (CTMIM.LE.O0.) CTMIN=.004
CTL=-ABS(CTL)

IF (CTL.GE.O.) CTL=-0.01
CTLMIN=ABSICTLMIN)

IF (CTLMIN.LE.D.) CTLMIN=.001
IF {THETA.LE.O0.) THETA=1,

IF (ABOBJ1.LE.O0.) ABOBJ1=.1
IF (ALPHAY. LE.0.) ALPHAX=.1
IF (FDCH.LE.D.) FDCH=.01

IF (FDCHM.LE.C.) FDCHM=.01

INITIALIZE INTERNAL PARAMETERS

INFOG=0

ITER=D

JDIR=0

I0BJ=0

K0BJ=0

NDVZ=HDV+2

KCOUNT=0

HCAL(1)=0

NCAL(21=0

NAC=0

NFEAS=0

MSCAL=NSCAL

CT1=ITRH

CT1=1./CT
DCT=(CTHIN/ABS(CT ) )*%CT1
DCTL=(CTLHIN/ABSICTL) )*»CT1
PRI=5.

ABOBJ=ABOBJ1

HCOBJ=0

CTAN=ARS(CTHIN)
CTPM=ABSICTLHIN)

CALCULATE HUMBER OF LINEAR COMSTRAINTS, NLNC.
HLNC=0

IF (NCON.EQ.0) GO TO 70

DO &0 I=1,NCON

IF (ISC(I).GT.0) NLHC=HLHCH!

COHNINGR
COlrING3
COKIINGG
CONMINGS
CoHnIned
COHNTNG?
COoNNING8
COHNINGS
COHNINZO
COHNINTY
CONNINT2
COHMINTS
COHMINTSG
COMHMINGS
COHIINTG
COHNINZ?
CONMINTS
COININTS
COHNINGO
COHMINGY
COHNnING2
COHHING3
CONMINB4
CONMINGS
CONMINGS
COHMINGZ
CotnItes
COrING9
COHNINSO
COHMINS
CONHMIN92

----- CONNING3

COHHIN9G

----- COMHINSS

COHHINGG
COHIING?
CONHING8
CONMIN99
COHMIN00
COHMI10Y
comnIto?2
COHNITO03
COHMIN DG
CONMIt1D5
COHMII D6
CONMITD7
counrios
courMIo9
COHMIN1O
COHMIINY
conniNe
COHMIN3
COHHIt 14
COMNIsIS
cotmINeG
ConMIt?
commINag
connINeg
comIigo
cornrat
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30

3]

90

100
110

120

130

160
150

160

COHTINUE
CONTINUE

IF (NSIDE.EQ.0) GO TO 110

DO 100 I=1,MOV

IF (VLB(I).LE.VUB(I)) GO TO 80
XX=.5#(VLB(I)+VUBII))
X(IY=XX

VLB I)=XX

vus(I)=XX

WRITE 16,1120} I

CONTINUE

XX=X(I)-VLB(I}

IF (XX.GE.0.) GO TO 990

LOWER BOUND VIOLATED.

WRITE 16,1130) XtI),VLBII),1
X(I)=VLBI{I)

GO TO 100

CONTINUE

XX=VUB(I)-X(I)

IF (XX.GE.0.) GO TO 100
WRITE (6,1140) X(I),VUBI(I),I
X(I)=vuB(l)

CONTIHUE

CONTINUE

INITIALIZE SCALING VECTOR, SCAL

IF {(NSCAL.EQ.0) GO TO 150
IF (NSCAL.LT.D0) GO YO 130
0O 120 I=1,NDV

SCAL(I)=t.

GO TO 150

CONTINUE

DO 140 I=1,NDV
SI=ABS(SCALII))

IF (SI.LT.1.0E-20) SI=1.0E-5
SCAL{I)=SI

SI=1./SI

X(I)=X(T1)%51

If (NSIDE.EQ.0) GO TO 140
VLB(I)=VLBII)*SI
VUB(I)=VUB(I)#%SI

COHTINUE

CONTINUE

#¥u%% CALCULATE INITIAL FUHCTION AND CONSTRAINT VALUES sawuw

INFO=1

NCAL(T )=t

16070=t

GO TO 950

CONTIHUE

0BJ1=08J

IF (DABFUN.LE.0.) DABFUN=_001%ABS(0BJ)
IF (DABFUN.LT.1.0E-10) DABFUN=1.0E-10
IF (IPRINT.LE.0) GO TO 270

COHmMIN22
COHNIRS
COHMIV24
COHNINES
CONMIt26
COHMITR7
CONMIICS
CONMIT29
COHMIt30
conmMIt 3y
COHMIN32
CONMIT33
COUMIV3G
COHIIt35
COHMI® 36
CoHNIt3?
COonrtr1 38
connz g
COHHI140
conmMIan
CONMI142
CONMI143
COHMINGG
CONMIt145
COHNT146
CONMItGT
COHMIVG8
COHMING9
CONMItS50
COHNMI154
ConMIts2
CONMITS3
COHHI154
COHMII5S
COHMIt56
CONMII57
CoHNIY5S
COHMIN59
COHMIN60
COHMIT61
COHMIt62
CONMIt63
ContItes
COHNI65
COHHIt66
COtMIINGeT
CONNI168
CONNIY69
COMNMI170
connrr 7y
CONnIY 72
COHMINT73
CONMIT174
COHMIN 75
CONNIN76
CONMIN 77
COHMIN78
CONMItT79
COoHMI180
COMMILSY

o0

170

180
190

200

210
220

230

240

250

270

nOOoO

PRINT INITIAL DESIGN INFORMATIOM

IF (IPRINT.LE.1) GO TO 230
IF (HSIDE.£Q.0.AND.HCON.ER.Q} WRITE (6,1290)
IF (MSIDE.HE.O0.OR.HCOH.GT.0) WRITE (6,12320)

CoHNnI182
CoHMINa3
CoNNI184
COHII185
COHMI186

WRITE (6,12403 IPRIMT,NDV,ITHAX,NCON,NSIDE,ICHDIR,NSCAL,NFDG,LINOECOHMTI187

1J, ITRM,H1,N2,N3,N4,N5

WRITE (46,1260} CT,CTHIM,CTL.CTLMIN, THETA,PHI,DELFUN,DABFUN
WRITE (6,1250) FDCH,FDCHH,ALPHAX,ABOBJ1
IF (HSIDE.EQ.D0) GO TO 170

WRITE (6,1270)

DO 176 I=1,HDV,6
MI=MINO(HDV,I45)

WRITE (6,1010) I,(VLB{J),J=I,H1)
WRITE (6,1280)

00 180 I=1,NOV,6
H1=MINO(NDV,1%5)

HWRITE {6,1010) I,(VUBtJ},J=1,M)
CONTINUE

IF (NSCAL.GE.O} GO TO 200

WRITE (6,1300)

WRITE (6,1460) (SCAL(I),I=1,NDV)
CONTINUE

IF (HCON.EQ.0) GO TO 230

IF (NLNC.EQ.0.OR.NLNC.EQ.NCON) GO TO 220
WRITE (6,1020)

00 210 I=1,NCON,15
MI=HINO(HCON,I+14)

WRITE (6,1030) I,(I5C{J},J=I,M1)
GO TO 230

IF (MLNC.EQ.NCON) HRITE 16,1040)
IF {NLHC.EQ.0) WRITE (6,1050)
CONTINUE

WRITE (6,1440) 0BJ

WRITE (6,1450)

00 240 I=1,NDV

X1=1,

IF (NSCAL.HE.Q} X1=SCAL(I)
GH{II=X(T)x*X1

D0 250 I=1,NDV,6
M1=MINO(NDV,I+5)

KRITE (6,1010) I,(G1€J),J=I,M1)
IF (NCON.EQ.0) GO TO 270

WRITE (6,1470)

DO 260 I=%1,HCON,6
MI=HINO(NCON, 1451

HRITE (6,1010) I,{G(J),J=I,H1}
COHTINUE

If (IPRYNT.GT.1) WRITE (6,1360)

colnigs
COHMIt89
COtnINgo
cotnIi
COHMIt92
COMNIT93
COHMIt94
COHMTI95
CONNIt96
COHMI197
CoHMI198
COHNIY99
CoHMI200
CONMIZ20t
COHMI202
CONMI203
CONMNIZOG
COHMI205
COHMIZ206
COHMIZ207
CoHMI208
CONNIZ09
COHMI210
COHHIZ21
COHMI212
cotmIzl
CONNI214
COHMIZ215
ConnMI216
ConnI217
ConMIzi8
CONMI2Y9
ConmMIz20
connize
corrde

connracs
COHNIZR2%
conniraz

COHNI226
caHnI2z2y
colnIzzs
contirza9
COHMI230
connIz sy

wrNpEap e p Rk xuui®  BEGIN MINIMIZATION ®wmwnwammmnmmtsnnwnnnsaCONNI232

CONTINUE

ITER=ITER*1

IF {ABOBJ1.LT..0001) ABOBJS1=.00014

IF (ABOBJ1.GT..2) ABOBJY=.2

IF (ALPHAX.GT.1.) ALPHAN=1.

IF (ALPHAX.LT..001) ALPHAX=,001

IF (IPRINT.GT.2) WRITE (6,1310) ITER

IF (IPRINT.GT.3.AHD.NCOM.GT.0) WRITE (6,1320) CT,CTL,PHI

connI2ss
connIZ 3G
conntzss
COHMIZ36
coHnI23?
CoHiI238
conniele
COHII240
CONMIZ4
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[z Nz NoNel

300

310
320

330

340

noo

350

360

adoo

CTA=ABS(CT} (o0 P} 6-7F
IF {NCOBJ.EQ.0) GO TO 340 COHNI2A3
------------------------------------------------------------------ COMITR46G
HO MOVE ON LAST ITERATION. DELETE CONSTRAINTS THAT ARE HO colngas
LONGER ACTIVE. CONIICab
------------------------------------------------------------------ CONMIZa?7
NHAC =NAC coHnIcas
DO 290 I=t,NNAC CONMIZGY
IF (IC(I).GT.NCON) NAC=NAC-1 counrzso
CONTINUE COHMIZS!
IF (NAC.LE.0) GO TO 420 connrese
NHAC=HAC COHMIRS3
DO 330 I=1,NNAC coniIz54
NIC=IC(I) COMMITES
CT1=CT COHMIZ56
IF {ISCINIC).GT.0) CTI=CTL coNmM1257
IF (GINIE).GT.CT1) GO TO 330 COMNIESS
NAC=NAC-1 COHMI259
IF (I.GT.NAC) GO TO 6420 CONMI260
DO 320 K=I,NAC CONNLZ61
II=K+4 CoNMI262
DD 310 J=1,NDV2 CONMI263
ALSKI=ZALJ,IT) COHNIZ64
IC(K)=IC(II) CONMIZ65
GO TO 300 COHNICZ66
CONTIHUE cotM1267
GO TO 420 COHMIZGS
CONTINUE CONNIZ6Y
IF (MSCAL.LT.NSCAL.OR.NSCAL.EQ.0) GO TO 360 ceHni27o
IF (NSCAL.LT.0.AND.KCOUNT.LT.ICNDIR) GO TO 360 CONNI2 7Y
HSCAL=0 COHMTI272
KCOUNT=0 CONMI273
------------------------------------------------------------------ CONNIZTG
SCALE VARIABLES CONMIZ275

B e LT PR PP P T PR LT PP PP COMNT276

DO 350 I=1,NDV CONMI277
SI=SCAL(I) CONMIZT?8
XI=SI*X(I) CoNNIZ?79
S1B=SI connIzeo
IF {NSCAL.GT.0) SI=ABSIXI) CoHNI2s
IF (SI.LT.1.0E-10) GO TO 350 COoHMI282
SCAL(I)=SI cotnIZes
SI=1./SI COHIMIZB4
X(I)=XIxSI COoHMI285
IF (NSIDE.EQ.0) GO TO 350 coH1286
YLB(I)=SIB¥SI#VLBII) connics?
VUB{I)=SIBASI*VUBII) COHI1I288
CONTIKUE COHMI289
IF (IPRINT.LT.4.0R.(NSCAL.LT.0.AND.ITER.GT.4}) GO TO 360 coi2so
WRITE {6,1330) conniz9
WRITE (6,1460) (SCAL(I),I=1,HDV) coNnI292
CONTINUE CONMI293
HSCAL=MSCAL*1 COHII294
HAC=D CONHI2O5
CONMIZ96

CONIIR97

- cottiI29s

INFO=2 con11299
NCAL(2)=NCAL(2}+1 CONMI300
IF (NFDG.NE.1) GO TO 370 CoNiL301

370

3s0

390

o000

410
4zo

ocono

430

440
450

1607T0=2 conunizoe
GO TO °50 CoHnIios
CONTINYE COHNI30n
JGOT10:0 COHMI3O0S5
COHTIHUE COnNI30%

CALL CHrtoy (JGOT0,X,DF,G,ISC,IC,A,G1,VLB,VUB,SCAL,C,HCAL,DX,DX),FCONITIZ07

11,X1, 111,11 ,H2,H5,H4) cont113es
16010-=3 conn1309
IF (.16GOTO.GT.0) GO TQ 950 coHnIsto
CONTINUE COHNI3N
INFo=1 coimis2
IF (BAC.CE.N3) GO TO 810 cernIity
IF (HSCAL.EQ.0.0P .NFDG.ER.0} GO TO 420 conniie
------------------------------------------------------------------ CONMI3NS
SCALE GRADIENTS CONITI3NG
------------------------------------------------------------------ COHNL317
SCALE CRADIENT DF DBJECTIVE FUNCTION. connise
DO 400 1=1,HOV COMHIZNY
OF(I)=DF(I}*SCAL(I) CONINI320
IF {MFDG.EQ.2.CR.NAC.EQ.0) GO TO 420 COHMI321
SCALE GRADTEHTS OF ACTIVE CONSTRAINTS. connI3ze
DO 410 J=1,HDV CONMI323
SCJ=SCALlJ} COHMI3ZA
DO 410 I=1,HAC cotnIics
ACd,T)=ACJ T InsCd COHII3Ze
CONTINVE conuntse7
IF (IPPINT.LT.3.0R.HCON.EQ.0) GO TO 470 CotMI328
------------------------------------------------------------------ COMNI329
coNiI33o

~--COHMI33Y

FPINT ACTIVE AHD VIOLATED COHSTRAINT NUMBERS. CconnI3s2
Mi=0 COHMI333
M2=t3 COHMI33G
IF (NAC.EQ.0) GO TO 450 CONNI335
00 440 T=1,MAC COtitt1336
J=ICII) conniIszy
IF (J.GT.NCON) GO TO 440 connIlia
GI=G(J) COrnI33e
C1=CTAH COMINI340
IF {ISCLJ)Y.6T.0) C1=CTEH CONMI3&Y -
GI=GI-C! COHMT 342
IF (GI.GT.0.) GO TO 430 CoHMnI3al
ACTIVE CONMSTRAINT. CONMI3a4
M=+ CoMnI3as
MST1(M1)=J COMNI3ah
GO TO 440 connIizez
MZ=HT+e COHNI348
VIOLATED CONSTRAINT. COMNII349
HSYAUMZI=d COHI3So
CCNTIHUE COHNL351
H3=M2-N3 coIlse
HRITE (6,1060) M1 CONNI3S3
IF (M1.EQ.0) GO TO 460 CoNNI3ES
WRITE (6,1070) COtiI3sS
KRITE t6,1480) (MS1(I),XI=1,H1) comIsse
HRITE t6,1020) H3 CoPII3sy
IF (M3.[Q.0) GO TO 470 [Woidis) 111
HRITE (5,1070) COMI359
H3I=H3+Y COHI300
NPITE (6,1680) (NSUII),T=M3,N2) crisiL3et
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470

480

490

500

510

o000

530

540

CONTINUE

IF (NSIDE.EQ.0) GO TQ 530
HCN1=NCON

Hi=0

00 510 I=1,NDV

LOWER BOUND.

XI=xtI)

XID=VLB(I)

X12=ABS(XID}

IF (X12.LT.1.) X12=1.
GI=(XID-XI}/X12

IF (GI.LT.-1.0E-6) GO TO 490
MI=MIH1

MS1{H1)=-T

NAC=NAC*1

IF (NAC.GE.N3} GO TO 810
HCN1=HCNT+1

DO 480 J=1,HDV
A(J,NAC)=0,

AULTI,NAC)=-t,
IC(NAC)=MCN1

G(MCN1)=6I

ISCIMCNT 3=1

UPPER BOUND.

XID=VUB(I}

X12=ABS{XID)

IF (X12.LT7.1.) X12=1.
GI=(XI-XID)/X12

IF (GI.LT.-1.0E-6) GO TO 510
HI1=H1+t

HMSt(HT)=I

NAC=NAC+1

IF (NAC.GE.N3) GO TO 810
MCN$=HCN1 +t

00 500 J=1,NDV
ACJ,NAC)=0.

ALI,NAC)=1,

IC(NAC)=MCN1

GIMCN1)=61

1SCI{HMCH1 =Y

CONTINUE

PRINT ACTIVE SIDE CONSTRAINT NUMBERS.
IF (IPRINT.LT.3) GO TO 530

WRITE (6,1090) Mt

IF (M1.EQ.0) GO 7O 530

WRITE (6,1100)

HRITE(6,1480) (MS1(J),J=1,M1)
CONTINUE

PRINT GRADIENTS OF ACTIVE AND VIOLATED CONSTRAINTS.

IF (IFRINT.LT.4) GO TO 570
HRITE (6,1340)

DO 540 I=1,HDV,6
M1=MINO(NDV,I+5)

HWRITE (6,1010) I,{DF(J),J=I,M1)

COHMI362
COHHI363
COHNI364
CONHI365
COHNMI 366
COHINI367
CONNMI36S
CONMIZ6S
COHMI370
CONMI37Y
CONMI3T72
COHMIZ73
CONNIZ7G
CONMIZT?S
CONMI376
CONMI3Z77
COHMIZT7S
CONMIZZ9
COHMI380
COHMI381
CONMI3S2
CONMI383
CONMI384
CoHMI3es
CONMI386
CONMI3S7
CONMI3as
CONMI389
CONMIZ90
CONMI39N
CONMI392
CONMI393
CONHI394
CONMI39S
CONMI3S6
CONMI397
CONMI398
CONMI399
CONMISO0
CONMIGOY
COHMIG02
CONMIG03
CoHMIa0q
COHMIGOS

-------- CONMI406

COMMI407

-------- CONIHIG08

COHMI&09
confiI4o
CONMIGNt
CONHIGI2
CONMI4N3
CONNIGtG
CONNIGYS
COHMIG16
COMMIG?7
COHMIGS
CONMIGLS
COHNIGZ20
CONMI4&21

550
560
570

o000

580

o000

590
600

o000

IF {NAC.EQ.0) GO TO 570 contirgz2
WRITE (6,1350) CONNML423
00 560 I=1,NAC comnracy
M1=IC(I1? COHitI425
M2=M1-HCON COHII4CS
M3=0 conlIal?
IF (M2.6GT7.0) M3I=IABS{MS1(HM2)) connracs
IF (M2.LE.0) WRITE (6,990) Mi COtiI4e29
IF (M2.GT.0) WRITE (6,1000) M3 cotnIa3o
DO 550 K=1,NDV,6 COHNI4 31
MI=MINO(NDV,K*+5) COoHiI432
WRITE (6,1010) K,(A(J,1),J=K,M1) COHHI4®33
WRITE (6,1360) COHII434
CONTINUE COHiI435
------------------------------------------------------------------ COMNI43L
EREEAMU RN NN NWN®®  DETERMINE SEARCH DIRECTION WauusuumumuuunnnunudmCONINIGI7
------------------------------------------------------------------ COHMI438
ALP=1.0E+20 COotNI439
IF (NAC.GT.0) GO TO 580 CONMI440
CONMIaq)

COHNI442

CONMI443

FIND DIRECTION OF STEEPEST DESCENT OR CONJUGATE DIRECTION. COHNIGas
NVC=0 COHMI44S
NFEAS=0 CONMNMI44s
KCOUNT=KCOUNT*1 CONMIGG?7
IF KCOUNT.GT.ICNDIR RESTART CONJUGATE DIRECTION ALGORITHM. CONMI448
IF (KCOUNT.GT.ICHDIR.OR.IOBJ.EQ.2) KCOUNT=t CONNMI449
IF (KCOUNT.EQ.1) JDIR=0 COHMI4S50
IF JDIR = 0 FIND DIRECTION OF STEEPEST DESCENT. COHMI451
CALL CHMHOZ (JDIR,SLOPE,DFTDF1,DF,S5,N1) COHMI452
GO TO 630 CONHI453
CONTINUE COHMIGS54
B e L - ~~-CONNTI455
CONSTRAINED FUNCTIOH CONMIG56
------------------------------------------------------------------ COHMISGS7
FIND USABLE-FEASIBLE DIRECTION. COHMI4SS8
KCOUNT=0 COHHIGS59
JOIR=0 COHMIGs0
PHI=10.%PHI COHMIAG6!
IF (PHI.GT.1000.) PHI=1000. COHHIg62
CALCULATE DIRECTION, S. CONNIG63
CALL CNMNO5 (G,DF,A,S,B,C,SLOPE,PHI,ISC,IC,HMS1,NVC,N1,N2,N3,N4,NSICOUNTIGEG
IF (IPRINT.LT.3) GO TO 600 COHMI4G65
HRITE (6,1370) COHMI4é6
00 590 I=1,HAC,6 COHMIG6?
M1=HINO(HAC,I+*5) COliMI468
HRITE (6,1080) I,CAINDV1,J),J=I,H1) COHNIG69
HRITE (6,1210} S(NDV1) CONMIG70
CONTINUE COHMIGTT
------------------------------------------------------------------ COHIMIGT2
HHEWH AN UNNN NN ONE~DIMENSIONAL SEARCH %% st arst st o sk s s atst s dt s s n s wxnCONIIGTS
------------------------------------------------------------------ COHItI474
IF (S(HDV1).1lT.1.0E-6.AND.NVC.EQ.0) GO TO 710 CONITI4?5
------------------------------------------------------------------ COHNNI4G76
FIND ALPHA 7O OBTAIN A FEASIBLE DESIGN CONNMIN77
------------------------------------------------------------------ CONINIG78
IF (NVC.EQ.0) GO TO 630 CotnIaT9
ALP=-1, COHNI4AD

DO 620 I=t,NAC COHNIaB1




TET

610

OO0

640

650

660

o000

670

HCI=IC(I) CONNI482

C1=GINCI) COHNI483
CTC=CTAM CONII484
IF (ISC(NCI).GT.0) CTC=CT&N CotnI48s
IF (C1.LE.CTC) GO TO 620 COHMI486
ALP1=0. couMIas?
00 610 J=1,HDV COolMIgas
ALP1=ALPI4S{J)*ALJ,]) COHMIGB9
ALPT=ALPI#A(NDV2,I) CONMI4S0
IF (ABS(ALPY1),LT.1.0E-20) GO TO 620 CONMIG9
ALP1=-C1/ALPY COoHN1G92
IF (ALPY.GT.ALP} ALP=ALP1 COHMIG93
CONTINUE COHMIG9G
CONTINUE COHNIS495
------------------------------------------------------------------ CONMIA96

CONMTI497

——-- === COHMNMI498
ALP1=1.0E+20 COHMI499
SI=ABS(0BJ) CONMIS00
IF (SI.LT..01) SI=.0t CONNISO1
IF (ABS(SLOPE).GT.1.0E-20) ALP1=ABOBJI1%¥SI/SLOPE CONMIBO2
ALP1=ABS(ALP1) CONMI503
IF ENVC.GT.0) ALPI=10,.%ALPY COHMI504
IF (ALP1.LT.ALP) ALP=ALP1 COHNISO5
------------------------------------------------------------------ CONNMISO08
LIMIT CHANGE IN VARIABLE TO ALPHAX COHMIS0?7

B D b bbb Lt b bl COHMIS08
ALP11=1.0E%20 CONMIS509
DO 640 I=1,NDV COHMI510
SI=ABS(S(I}) COHMIS!Y
XI=ABS(X(I}) COHMISI2
IF (SI.LT.1.0E-10.0R.XI.LT.0.1) GO TO 640 COHNISI3
ALP1=ALPHAX¥XI/SI COHMIBIG
IF (ALP1.LT.ALP11) ALP11=SALPY COHNISISE
CONTINUE CoNNIBie
IF (NVC.GT.0) ALP11=10.%ALP31 COHNIST?
IF (ALPI1.LT.ALP) ALP=ALP11 CCHHIG18
IF (ALP.GT.1.0E+20) ALP=1.0E*+20 counIsIg
IF (ALP.LE.1.0E-20) ALP=1.0E-20 counis20
IF (IPRINT.LT.3} GO TO 660 COHMIS 21
WRITE (6,1380) cohnrsa2
DO 650 I=1,HDV,6 coHnis2s
Mi=MINO(NDY,I+5]} COHIIS24
HRITE (6,1010) I,{(S(J4),J=I,M1) CONHISZ2E
HRITE (6,1110) SLOPE,ALP CoHNM1S26
COMTINUE COHNIB27?7
IF {NCON.GT.0.OR.NSIDE.GT.0) GO TO 680 conMIsS28
------------------------------------------------------------------ connIsz29
DO ONE-DIMENSIOMAL SEARCH FOR UMCONSTRAINED FUNCTICN C0HM1530
------------------------------------------------------------------ COHIMIG3Y
JGOTD=0 COHNIS32
CONTINUE CONMI533
CALL CHMND3 (X,5,SLOPE,ALP,FFF,A1,A2,A3,A4,F1,F2,F3,F4,APP,NI,NCALCOHNI534
1,KOUNT, JGOTO) COHNIS35
IGOT0=4 CONNMIS36
IF (JGOTO.GT.0) GO TD 950 COHMIS3?7
JDIR=1 CONNIS38
PROCEED TO COMVERGENCE CHECK. COHNIS3e
GO TO 700 CONMIBAO
------------------------------------------------------------------ CONMISS!

c SOLVE OHE-DIMENSIONAL SEARCH FROBLEM FOR COMSTRAIMED FUHCTION  CONNI542
[ ittt L R DL L LT COHNISG3
680  COHTINUE COHitI544

JGOTO=0 CONMISa5
690  CONTINUE CoHNL546

CALL Cti~Hoé (X,VLB,VUB,G,SCAL,DF,S,G1,62,CTAH,CT8BM,SLOPE,ALP,A2,A3C0NIMI547
1,A4,F1,F2,F3,CV1,CV2,CV3,CV4,ALPCA,ALPFES,ALPLN, ALPHIN, ALPNC, ALFSACONHIS 38
2V,ALPSID,ALPTOT,ISC,N1,HC,HCAL,NVC, ICOUNT, IGDOD1,1G00D2,IG0003, IGOCONNISGY

3004, IBEST.III,HLHC,JGOTO? COMIIISS0
I1G0T0=5 COHNISSY
IF {JGOTO.GT.0) GO TO 950 CoHniss52
IF (HAC.EQ.0) JDIR=I COHMISS3
Lo ittt D D Y et L L L P L L COHMIS5G
Cc LIS IR TR EA T AT 22 T UPDATE ALPHAX WHMMMNMRNMNN AR RNNNNN R RUCONNTISES
o ittt il T CONMISS6
700  CONTINUE CONNISS?7
710  COMTIHUE CONNI5S58
IF (ALP.GT.1.DE*19) ALP=D. CONN1IS59
c UPDATE ALPHAX TO BE AVERAGE OF MAXIMUM CHANGE IN X(I) COHNISG0
c AHD ALHPAX. COHMIS6!
ALP11=0. CONMIB62
00 720 I=1,NDV COHMIS63
SI=ABSIS(I)) CONHIS64
XI=ABSIX(I)) COHNIS6S
IF (XI.LT.!.0E-10) GO TO 720 COHMIS66
ALPI=ALPYSI/XI CONMISE?
IF (ALP1.GT.ALPi}) ALP11=ALP1 CONMISAD
720  CONTINUE COHMIS6 9
ALP11=, 5% ALP11+ALPHAX) CONNIS70
ALP12=5_»ALPHAX COHNIS?71
IF (ALP11.GT.ALP12) ALP1t=ALPI2 COHNIS?2
ALPHAX=ALP11 CONMIS73
NCOBJ=NCOBJH1 COHMIS74
c ABSOLUTE CHAWGE IN OBJECTIVE. COHMIS7S
0RJD=0BJ1:0BJ COHMIST6
0BJB=ABS(CBJD) CONHIS?7
IF (0BJB.LT.1.0E-10) 0BJB=0. COHMIS?8
IF (HAC.€Q.0.0R.0BJB.GT.0.) NCOBJ=0 COHHIS?79
IF {HCOEJ.GT.1) HCODJ=0 COIMIBA0
. —mmmmmmmme e - ——-- CONHIS81
c PRINT connIss2
[ b L e kb L D LD LD LD L L Lt COHHISa3
[ PRINT MOVE PARAMETER, HEW X-VECTOR AHND CONSTRAINTS. CONMISAYG
IF (IPRINT.LT.3) GO TO 730 COHMI5S05
HRITE (4,1390) ALP CONMIBE6
730 IF (IPRINT.LT.2) GO TO 800 COHNISR7
IF (0BJB.GT.0.) GD TO 740 COHNISes
IF (IFRINT.ER.2) WRITE (6,1400) ITER,0BJ coinisa9
IF (IPRINT.GT.2) WRITE (6,1410) OBJ CONHISS0
GO TO 760 COHMIBS!L
740 IF (IPRINT.EQ.2) GO TO 750 COHII592
HRITE (6,1420) OBJ COHHI593
GO TO 760 CONNI594
750 HRITE (6,1430) ITER,OBJ COHMIBSS5
760 HWRITE (6,1450) COHMIS96
DO 770 I=1,NOV CONMISO?
FFi=1. COMNI598
IF tHSCAL.NE.0) FF1=SCAL(T) CONNIS99
770 GU(IN=TFI»X(I) COoHNI600
DD 780 I=1,HDV,6 COnitLent
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780

790
800

804

806
808
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M1=MINO(NDV,I+5)

COMMI602

MRITE (6,1010) I,(G1(J),Jd=I,M1) COHMIGO3
IF (NCOM.EG.0) GO TO 800 COMINT604
WRITE (6,1670) COII60S
DO 790 I=1,NCON,6 COMMI6O06
M1 =HINGINCON, I+5) COHNI607
MRITE (651010} I,(G(J),J=I,M1) COHMI6OS
CONTINUE CONHI609
------------------------------------------------------------------ CONHI&I0
CHECK FEASABILITY COHMT11
------------------------------------------------------------------ COMMIG12
IF(NCOM.LE.0) GO TO 808 COMMT613
DO 804 1=1,NCON CONMIb1G
C1=CTAM COHMIG1S
IFLISC(I).GT.0) CI=CTBN CONI&IS
IF(G(I).LE.C1) GO TO 804 COHMI617
NFEAS=NFEAS* COHMIGIS
GO TO 806 COHMI619
CONTINUE COHMI&20
IF(NFEAS.GT.0) ABOBJ1=.05 COoHMI62Y
NFEAS=0 CONMI&22
P15, CONMI623
IF(NFEAS.GE.10) GO TO 810 CONMI624
CONTINUE CONMI62S
------------------------------------------------------------------ COHMI626
CHECK CONVERGENCE CONMI627
------------------------------------------------------------------ CONMI628
STOP IF ITER EQUALS ITMAX. COHMI629
IF {ITER.GE.ITHAX) GO TO 810 COHMI63D
------------------------------------------------------------------ CONMI631
ABSOLUTE CHAHGE IN OBJECTIVE CONMI632
------------------------------------------------------------------ COHMI633
OBJB=ABS(0BJD) COHMI634
KOBJ=KOBJ*1 CONMI635
IF (OBJB.GE.DABFUN.OR.NFEAS.GT.0) KOBJ=0 COHMI&36
------------------------------------------------------------------ COlMI63T
RELATIVE CHANGE IN OBJECTIVE CONMI&38

- - CONMIL39

IF (ABS(OBJ1).GT.1.0E~10) OBJD=0BJD/ABS(0BJI)

COHMIS40

ABOBJ1=.5%(ABS(ABOBJ)*ABS(0BJD)) COHMIbG!
ABOBJY=ABS(0BJD) COHMI&42
10BJ=T0BJ+1 COHMIb43
IF(NFEAS.GT.0,0R.0BJD.GE.DELFUN] 10BJ=0Q COHMIb44
IF (IOBJ.GE.ITRM.OR.KOBJ.GE.ITRM) GO TQ 810 CONM1645
08J1=08J COoHMIbas
------------------------------------------------------------------ COHMI&G?
REDUCE CT IF OBJECTIVE FUNCTION IS CHANGING SLOWLY CoHnlseas
------------------------------------------------------------------ COHNIG6G9
IF (IOBJ.LT.1.0R.NAC.EQ.0) GO TO 280 COHHI650
CT=DCT*CT CONMIESY
CTL=CTL*DCTL COHMIbS2
IF (ABS(CT).LT.CTMIN) CT=-CTHIN COHMI&SS
IF (ABSICTL).LT.CTLHMIN} CTL=-CTLMIN COHMI6SG
GO TO ¢80 COHNI&55
CONTINUE COHMI6S56
IF (NAC.GE.N3) WRITE (6,1490) CCHMI&57
------------------------------------------------------------------ COHMIb6S8
wuwEvpepxunnnik®  FINAL FUNCTION INFORMATION wamsususwpsunssunsu¥uCOMII659
------------------------------------------------------------------ COHMI660

IF (NSCAL.EQ.0) GO TO 830 CONNTE6t

820

430

840

850

860

870

890
900

UN-SCALE THE DESIGN VARIABLES. COHMIbG62
DO 820 I=1,NDV COHNMI6SS
XI=SCALIT) COHNIE6S
If (NSIDE.EQ.Q) GO TO 820 CONItI665
YLB(IN=XI*VLBII) COHItI666
VUB(I)=XI#*VUB(I) COHNIG67
X(I}=XI®X{T) COHMIG6EH
------------------------------------------------------------------ CONM1E69
PRINT FINAL RESULTS COlMI670

-=-~COHNI67Y

IF (IPRINT.EQ.0.0R.NAC.GE.N3) GO TO 940 COoNMI672
WRITE (6,1500) CONMI6T73
WRITE (6,'620) 0BJ COHMIS& 74
WRITE (6,1450) COHNT675
DO 84D 1=1,HDV,6 CONHMI&T76
MI=MINO(HOV,I+5) CONMI& 77
MRITE (6,1010) I,(X(J),J=I,H1) COHNMI678
IF (HCOH.EQG.0) GO TO 900 CoHN1679
WRITE (6,1470) COHMIG6B0
DO 850 I=1,MCON,6 CONNI6BI
H1=HINO{NCON,I+5) conrIes?2
WRITE (6,1010) I,(G(J),J=I,H1) conmMIéas
DETERMINE WHICH CONSTRAINTS ARE ACTIVE AND PRINT. CONMI684
NAC=0 COHMI685
NVCao ConnIsas
00 870 I=1,HCON coHnies?
CTA=CTAM cotiMises
IF (ISC(I).GT.0) CTA=CTBM CONMI689
GI=G(1} COHMI&S0
IF (GI.GT.CTA) GO TO 860 CONMI6SY
IF (GI.LT.CT.AND.ISC(I).EQ.0) GO TO 870 COHMI692
IF ¢GI.LT.CTL.AND.ISC(I).GT.0) GO TO 870 COHMI&93
NAC=NAC*1 COHMIL9%
IC{HACI=I COHMI&9S
GO TO 870 CONNMI696
RVC=NVC+1 COHMI697
MS1(NVCI=X COHMI698
CONTINUE CONHI&99
WRITE (6,1060) NAC COHHI700
IF (NAC.EG.0} GO TO 880 CONMIT7OY
KWRITE (6,1070) CONNIZ02
WRITE (6,1480) (IC(J),J=T,NAC) COHMI703
WRITE {6,1080) NVC CotMIT706
IF (NVC.EQ.0) GO TO 89%0 COHMI705
HWRITE (6,1070) COHMIT706
WRITE (6,16480) (MSt(J),J=1,KVC) CONMIT707
COHTINUE conizoe
CONTINUE coHnizo9
IF (NSIDE.EG.0) GO TO 930 CONNI710
DETERMINE WHICH SIDE CONSTRAINTS ARE ACTIVE AND PRINT. CONMI7I
NAC=0 CONNI712
00 920 I=t,NDV CoHNI713
XI=X(I) cotnizig
XID=VLBII) comtI7is
X12=4BS(X10D) CONMIT716
IF (X12.LT.1.) X12=1, CONHMI717
GI=(XID-XI)/X12 COHMI718
IF (GI.LT.~1.0E-61 GO TQ 910 CONNIZ19
NAC=HACH1 COHMIZ20
MS1(HAC)=-1 conmIzat
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910

920

930

DOO0

X10=YUBII) conmrzea2
X12=ABS(X1D) conniz2l
IF (X12.1T.1.) X12=), COHNI726
GI=(XI-XID)/X12 CONMIT2S
IF (GI.LT.-1.0E-6) GO TO 920 CounI726
NAC=HACH! conniz27
HSt(MAC)=I COHNIT28
CONTINUE connIzF29
WRITE (6,1090) NAC COHMI730
IF (NAC.EQ.0) GO TO 930 connIzs
HRITE (6,1100) CONMIT732
HRITE (6,1480) (MS1(J),J=1,HAC) COHII733
CONTINUE COHMIT7 34
WRITE (6,1150) COHMI735
IF (ITER.GE.ITHAX) HRITE (6,1160) COHNIT736
IF (NFEAS.GE.10) HRITE {6,1170) COHMIT37
IF (I0BJ.GE.ITRM) WRITE (6,1180) ITRM CONMIT738
If (KOBJ.GE.ITRM) WRITE (6,1190) ITRM COHMI739
HWRITE (6,1200) ITER COHMI740
HRITE {(6,1510) NCAL(1) CONHI741
IF (NCON.GT.0) WRITE {6,1520) NCAL(1) CONMIT742
IF (HFDG.NE.O) HWRITE (6,1530) NCAL(2) CONMIT43
IF (NCON.GT.0.AHD.NFDG.EQ.1) WRITE (6,1540) NCAL(2) COHMIT44
------------------------------------------------------------------ COMMI745
RE-SET BASIC PARAHETERS TO INPUT VALUES COHMI746

- R L b L L L e L b L D LD LD cotniza?
ITRM=IDHY COHMIT748
ITMAX=IDM2 COHNI749
ICHDIR=IDM3 COMHITS50
DELFUN=DH1 CONMI751
DABFUN=DM2 CONMIT752
CT=0M3 COHMIT53
CTMIN=DN& COHMIT754
CTL=DM5 COHITIT755
CTLMIN=DM6 CONMI756
THETA=DM? CoNNI757
PHI=DMB COHMI758
FDCH=DN9 COHMI759
FDCHM=DH10 CONMI760
ABOBJ1=DM11 COMNI76T
ALFHAX=0M12 canmizee
160T0=0 COHMI763
CONTINUE COHNMIZ6G
IF (NSCAL.EQ.0.0R.IGOTO.EQG.D) RETURN COMMITES
UH-SCALE VARIABLES. COHMIT66
00 960 I=1,HDV COHNIT767
C(I=X{1) COHMI768
X{I)=X{T)®SCALII) COHNI769
RETURN CONMIZZ70
CONMITTY

CONNMI?72

COHMIT73

COHMIT74

CoMNI775

FORMAT (///5X,72HA COMPLETELY UNCONSTRAINED FUHCTION WITH A LINEARCOHMI776
1 OBJECTIVE IS SPECIFIED//10X,8HLINOBJ =,15/10X,8HHCON =,I5/10X,8C0HNTIT777
2HHSIDE =,I5//5X,35HCONTROL RETURHED TO CALLING PROGRAM) coHiIz?78

FCRMAT {///5X,56HCONMIN HAS ACHIEVED A SOLUTION OF 0BJ LESS THAN -CONMI779
11.0E+40/5X,32HSOLUTION ARPEARS TOABE UNBOUNDED/5X,26HOPTIMIZATIOH CONMIZ80
2IS TERMINATED) COHMI781

990

1000
1010
1020

1030
1040
1050
1050
1070
1080
1090
1100

1110

1120

1130

1140

1150
1160
1170

1180

1190

1200
1210
1220

1230

12490

1250

1260

1270
1280
1290

1300
1310
1320
1330
1340
1350
1360
1370

1380

FORMAT (5X,17dTONSTRAINT HUMBER,I5) cornrze
FQRHAT (5X,27HSIDE CONSTRAINT OM VARIABRLE,IS) COHNITO3
FORMAT (3X,I5,1H),2X,6E13.5) connLzoen
FOPNAT (/5X, 350LINEAR COHSTPAINT IDENTIFIERS (ISC)/5X,36HHON-ZERG CONMITES
1INDICATES LINEZR COHSTRAINT) CONItI735%
FOPMAT (3X,15,1H),2X,151I5} CGHIL787
FORNMAT (/5X,26HALL CONSTRAIMNTS ARE LINEAR) CCHiI7o8
FOPMAT (/5X,30HALL CONSTRAINTS APE NOM-LINEAR) COoHNI789
FOPMAT (/5X,SHTHERE APE,I5,19H ACTIVE CONSTRAINTS) CoHiIZ90
FORMAT (5X,22HCONSTRATHT NUMBERS ARE) ConrtI794
FORMAT (/5X,9HTHERE ARE,15,23H VIOLATED COHSTRAINTS) connizez
FOPMAT (/5X,9HTHERE ARE,I5,24H ACTIVE SIDE COHSTRAINTS) COoHnL793

FORMAT (5X,43HDECISION VARIABLES AT LOHER OR UPPER EOUHDS,30H (MINCONNIZF94
1US INDICATES LOWER BOUND)) CONitL79s
FORHAT (/5X,22HONE-DIMENSIONAL SEARCH/5X,1SHINITIAL SLOPE =,Ef2.4,CONNTI796
12X, 16HPROPOSED ALPHA =,E12.4) CONNL79?7
FORMAT (///5X,35H% % COHMIN DETECTS VLB(I).GT.VUBII)/5X,57HFIX IS COHNI798
1SET X(ID=VLB(I)=VUB(I) = .5*(VLB{I}+VUB(I) FOR I =,I5) CO'MITR9
FORMAT (///5X,41H% & CONMIH DETECTS INITIAL X(I).LT.VLB(I)/5X,6HXI1CONNIB00
1I) =,E12.4,2X,8HVLB(I) =,E12.4/5X,35HX{1) IS SET EQUAL TO VLBfI) FCONNISOY
20R I =,I5) cotmIso2
FORMAT (///5X,41H% @ COMMIN DETECTS IMITIAL X(I).GT.VUB(I)/5X,6HX{CONNIAGS
11) =,E12.4,2X,8HYUB(I) =,E12.4/5X,35HX(I) IS SET EQUAL TO VUB(I) FCONMIBO4
20R I =,15) Ccotitrsos
FORMAT (/5X,21HTERMINATION CRITERIOH} counisos
FORMAT (10X,17HITER EQUALS ITHAX} conniso?
FORMAT (10X,6CHTEN COMNSECUTIVE ITERATIONS FAILED TO PRODUCE A FEASCONNIBOS
1IBLE DESIGH) COHNIBOYS

FORMAT (10Y,43HABS(1-0BJ(I-1)/0BJ{I)) LESS THAH DELFUN FOR,I3,11H COHNIBIO
tITERATIONS) CONHIBYY
FORMAT (10X,43HABS(0BJ(II-0BJ(I~1)) LESS THAN DABFUN FOR,I3,11H CONMIgt2
1ITERATIONS) commield
FORMAT [/5X,22HHUMBER OF ITERATIONS =,15) CoHNIsIg
FORMAT (/5X,28HCONSTRAINT PARAMETER, BETA =,E14.5) CONNIBIS

FORHAT (1H1,///7/712X,2712H%* )1/12X, 1H#,51X, tH*/12X, tH*,20X,11HC O N CONMIB16
TH I N,20X,1H#®/12X, TH#*,51X, 1H*/12X, 1H%,15X,21H FORTRAN PROGRAM FOR CONHI817
2,15X, 1H*/12X, 1H#*, 51X, 1H¥/ 12X, 1H*,9X, 33HCONSTRAINED FUNCTION HMINIHICOHNIB!S
3ZATION, 9X, 1H#/12X, 1H®, 51X, 1H¥/12X,27(2H* )) COHHIBNY

FORMAT (////5X,33HCOHSTRAINED FUNCTION MINIMIZATION//5X,18HCONTROLCOMHIB20
1 PARAMETERS) cotniact

FORMAT (/5X,60HIPRINT HDV ITHAX NCON MSIDE ICNDIR  HSCCOHNI@22
1AL NFDG/8IB//5X,$ZHLINOBJ ITRM,5X,2HN{,6X,2HH2,6X,2HN3,6X,2HNG,CONNTA23
26X, 2HN5/818} comniazae

FOPMAT (/9X,4HFDCH, 12X, SHFDCHM, 11X, 6HALPHAX, 10X, 6HABOBJ1/1X,4({ 2X, ECONNIALS

114.5)) COHMIale
FORMAT (/9X,2HCT, 14X, 5HCTHIN, 11X, 3HCTL, 13X, 6HCTLHIN/1X, 412X, E14.5)CONNIBR27
1//9X,BHTHETA, 11X, 3HPHI, 13X, 6HDELFUN, 10X, 6HDABFUN/1X,6(2X,E164.5)) COHNIBRB
FOPHAT (/5X,40HLONER BOUNDS ON DECISION VARIABLES (VLB)) COHMIBZY
FORMAT (/5X,40HUPPER BOUNDS ON DECISION VAPIABLES (VUB)) CoHNI83o
FORHAT (//7/5X,35HUNCOMSTRAINED FUHCTION MINIHIZATION//5X,18HCONTRCOHMIB3E
1OL PARAMETERS) cormIase
FORMAT (/5X,21HSCALING VECTOR (SCAL)) CoHnIess
FORHAT {////5X,22HBEGIN ITERATION NUMBRER,I5) CONNIB3Y
FORMAT {/5X,4HCT =,E14.5,5X,5HCTL =,Et4.5,5X,5HPHI =,E14.5) CotmMIB3s
FORMAT (/5X,25HNEN SCALING VECTOR (SCAL)}) cotinisls
FORPMAT (/5X,15HGRADIENT OF 0BJ) conries?
FORMAT (/5X,6GHGRADIENTS OF ACTIVE AHD VIOLATED CONSTRAINTS) coHIeis
FORMAT (tH ) connIgs9?
FORMAT (/5X,37HPUSH-OFF FACTORS, (THETA(I), I=1,MAC)) coIIaqo
FORMAT (/5X,27HSEARCH DIRECTION (S-VECTOR)) CoNIIBGY
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1430
1440
1450
16460
1470
1480
1490

1500
1510
1520
1530
1540

000
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FORMAT (/5X,18HCALCULATED ALPHA =,E14.5) CONII842
FORMAT (////5X,6HITER =,15,5X,5H0BJ =,E14,5,5X,16HHO CHANGE IN OBJCONIMI8G3
1) CoHnIgaGs

FORMAT (/5X,5HOBJ =,E15.6,5X,16HNO CHANGE ON 0BJ) COHNTBGS
FORMAT (/5X,5H0BJ =,E15.6) COHNIBGE
FORMAT (////5X,6HITER =,I5,5X,5H0BJ =,E14.5) CONNMIBG?
FORMAT (//5X,28HINITIAL FUHCTION INFORMATION//5X,5HOBJ =,E15.6) CONMIBAB
FORMAT (/5X,29HOECISION VARIABLES (X-VECTOR)) COHNMIB49
FORMAT (3X,7E13.4) COHNIBSO
FORMAT {/5X,28HCONSTRAINT VALUES (G-VECTOR)) CONMIBSY
FORMAT (5X,1515) CONMIBS2
FORMAT (/5X,59HTHE NUMBER OF ACTIVE AMD VIOLATED CONSTRAINTS EXCEECOHNMIBS]

105 N3-1./5X,66HDIMENSIONED SIZE OF MATRICES A AND B AND VECTOR IC COHMIBS4
21IS IHSUFFICIENT/5X,61HOPTIMIZATION TERMINATED AHD CONTROL RETURNEDCOHMIBSS
3 TO MAIN PROGRAM.) CONHIB56
FORMAT (1H1,////6X,30HFINAL OPTIMIZATION INFORMATION) CONNIBS?
FORMAT (/5X,32HOBJECTIVE FUNCTION WAS EVALUATED,8X.15,2X,5HTIMES) COHMI858
FORMAT (/5X,35HCONSTRAINT FUNCTIONS WERE EVALUATED,I10,2X,5HTIMES)CONMIBSS
FORMAT (/5X,36HGRADIENT OF OBJECTIVE WAS CALCULATED,I9,2X,5HTIMES)CONNIB60
FORMAT (/5X,40HGRADIENTS OF CONSTRAINTS WERE CALCULATED,15,2X,5HTICONMI8G!
1HES) cotitirgs2
EHND CONMIBG3
SUBROUTINE CNMMOY (JGOTO,X,DF,G,ISC,IC,A,G1,VYLB,VUB,SCAL,C,NCAL,DXCONNIBGS
1,0X1,FI,XI,III,N1,N2,N3,N4) CONMI86S
COMMON /CNMN1/ DELFUN,DABFUN,FDCH,FDCHM,CT,CTMIN,CTL,CTLMIN,ALPHAXCOHNIB66
1,ABOBJ1, THETA,0BJ,NDV,NCON,HSIDE s IPRINT \NFDG,NSCAL, LINOBJ, ITHAX, ITCONHIBGT
2RM, ICHDIR, IGOTO,NAC,INFQ,INFOG,ITER COMHIBGS
DIMENSION X(N1), DF(M1), G{N2), ISC{N2), ICIN3), A(N1,N3}, G1(N2),CONMI&6Y

1 VLB(N1), VUB(N1), SCAL(N1), NCAL(2), CIN4) COHMIBT0
ROUTINE TO CALCULATE GRADIENT INFORMATION BY FINITE DIFFERENCE, CONIB?Y
BY G. N. VANDERPLAATS JUNE, 1972. conniaze
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COHMIBT73
IF (JGOTO.EQ.1) GO TO 10 COHNIBT74
IF (JGOTD.EQ.2) GO TO 70 CONMIB?75
INFOG=0 CONMIBT6
INF=INFO connier?
NAC=0 coHiIazs
I1F (LINOBJ.NE.0.AND.ITER.GT.1} GO TO 10 CCHNIBT9
------------------------------------------------------------------ CONNI&SOo
GRADIENT OF LINEAR OBJECTIVE conHIast
------------------------------------------------------------------ conniss
IF (NFDG.EQR.2) JGOTO=1 ConrIses
IF (NFDG.EQ.2) RETURN ConMIBes
CONTINUE COHMIBaS
JGOTO=0 COHNMIBBS
IF (NFDG.EQ.2.AND.HCON.EQ.0) RETURN conMieaz
IF (NCON.EQ.9) GO TO 40 COHMIBOS
------------------------------------------------------------------ COHMIBe9
# % @ DETERMINE WHICH CONSTRAINTS ARE ACTIVE OR VIOLATED * # % CONMIB9O
------------------------------------------------------------------ COHMI8N
00 20 I=1,NCON conrIese
IF (G(I).LT.CT) GO TO 20 COHMISI3
IF (ISC(I).GT.0.AHD.G(I).LT.CTL) GO TO 20 counia9s
NAC=NAC*{ COHMIBYS
IF (NAC.GE.N3) RETURH COHINIB9S
ICINAC)=I COHMIBS?
CONTINUE COHMIBSS
IF (NFDG.EQ.2.AHD.NAC.EQ.0) RETURN COHMIB99
IF ((LINOBJ.GT.0.AND.ITER.GT.1).AND.NAC.EQ.0) RETURN CoHNI900
------------------------------------------------------------------ COHNI904
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30
40

anon

50

60

000

70

o000

a0
90

ono

STOPE VALUES OF CONSTRAINTS IM Gi connigon
------------------------------------------------------------------ COHII903
DO 30 I=1,MCOM COHNTO0G
G1(I)=6(I) CONNIfOS
CONTINUE COMNIS0G
JGOTO=0 CONMI9Q7
IF (HAC.EQ.0.AHD.NFDG.EQ.2) RETURN CONI909
------------------------------------------------------------------ COHMIS09
CALCULATE GRADIENTS CONNISTO
------------------------------------------------------------------ COMNION
INFOG=1 COHMIOI2
INFO=1 COHNIoL3
FI=08BJ CONMI9IG
I11=0 CONNI9S
III=IIIH COMNI9NG
XI=X(III) CoHMI9N 7
DX=FDCH¥XI CONMISIB
DX=ABS(DX) CONNI9TY
FDCH1=FDCHM COHNI9ZO
IF (NSCAL.ME.0) FDCH1=FDCHM/SCAL(III) CoNMI921
IF (DX.LT.FDCH1) DX=FDCH1 tonnIgze
X1=XI+DX CONMI9Z3
IF (NSIDE.EQ.0) GO TO 60 CONMI9ZG
IF (X1.GT.VUB({III)) DX=-DX COHMI925
DX1=1./DX CONNI9Z6
X(III)=XI+DX coNNI92T
NCAL( coMHI9Za
------------------------------------------------------------------ CONMI®Z9
CONMI930
------------------------------------------------------------------ CONNI93I
JGOTO=2 CONNI932
RETURN COHMI®33
CONTINUE CONMI934
X(II1)=XI CONMI935
IF (NFDG.EQ.0) DF{III)=DX1%{0BJ-FI) CONMIF36
IF (MAC.EQ.0) GO TO 90 CONMISI7
------------------------------------------------------------------ CONMI938
DETERMINE GRADIENT COMPONENTS OF ACTIVE CONSTRAINTS _ COHII939
------------------- —- mmemeesecmnmeameceeaean=CONNIGHO
DO 80 J=1,NAC COHII94
11=1C(J) CONNI942
ACIII,J1=DX1#{G(I1)-G1(I1}) CONMI9GS
CONTINUE CONMIS4G
IF (III.LT.NDV) GO TO 50 COMMI945
INFOG=0 COMMI946
INFO=INF CONMI9LT
JG0TD=0 COHMI94B
0BJ=FI COHMI949
IF (NCOM.EQ.0) RETURN CONNI9SO
------------------------------------------------------------------ COMMI9S!
STORE CUPRENT CONSTRAINT VALUES BACK IN G-VECTOR COMMI9S2
------------------------------------------------------------------ COHMI9SS
DO 100 I=1,NCON COMNI9EG
GLIV=G1(I) CONNI9SS
RETURN CONNMI9S6
END CONMI9S?
SUBROUTINE CNMHO2 (MCALC,SLOPE,DFTDF1,DF,S,N1) CONNISES

COtMON /CHMH1/ DELFUM,DABFUN,FDCH,FDCHM,CT,CTHIN,CTL,CTLMIN, ALPHAXCONNI®59

1,ABOBJ1, THETA,08J,NDV,NCON,NSIDE, IPRINT ,NFDG,NSCAL, LINOBJ, ITHAX, ITCONNI960
2RH, ICHDIR,IGOTO,NAC, INFO, INFOG,ITER

COHMI96!
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DIMENSION DF(N!), S(H1) CONMIg62
ROUTINE TO DETERMINE COHJUGATE DIRECTIOH VECTOR OR DIFECTION COHNIG3
OF STEEPEST DESCEMT FOR UNCONSTRAINED FUMCTIOH MINIMIZATION. COMNITéG
8Y 6. M. VAHDBERPLAATS AFRIL, 1972. COIRII965
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. CONMI9SE
HCALC B CALCULATION COHTROL. COHNIge?
NCALC = 0, S = STEEPEST DESCENT. COHMIg68
NCALC = 1, S = COMJUGATE DIRECTIOM. COHMIYEY
CONJUGATE DIRECTION IS FOUND BY FLETCHER-REEVES ALGORITHM. COHMIQ70
------------------------------------------------------------------ COHNMI97H
CALCULATE HOPM OF GRADIENT VECTOR conni9re
------------------------------------------------------------------ CONMI973
DFTDF=0. CONMI974
DO 10 I=1,NDV COHMI®Z5
DFI=DF(I} COHMI9?76
DFTDF=DF TDF+DFI¥DFI CONMIO??7
- B ettt D CONMI9T78

UM NN FIND DIRECTION S wununuunwaCOHNIFPTY
------------------------------------------------------------------ CONMI980
IF {NCALC.HE.1) GO TO 30 connIgat
IF (DFTDF1.LT.1.0E-20) GO TO 30 COHMI982
CONNI9S3

COMNIfGSG

COHMI985

BET FTOF/DFTDF1 COHMIQ86
SLOPE=0. CONNI®8?
00 20 I=1,NDV Ccatriiose
DFI=DF(I} CONNI989
SI=BETA¥S(I)-DFI COHM1990
SLOPE=SLOPE+SI*DFI COHMI9N
S(I)=SI COHMI992
G0 TO 50 CONMI993
CONTINUE COHMI99%
MHCALC=D CONMI99S
- -~-=-CONNT996

COHNI9S?
------------------------------------------------------------------ COHMI998
DO 40 I=1,NDV CONII®NY
$(1)=-DF(I) CcoM1000
SLOPE=-DFTDF COoHH100t
CONTINUE COHI11002
R e e L e L P L L e e L CONMI003
NORMALIZE S TO MAX ABS VALUE OF UNITY CONM1 0049
------------------------------------------------------------------ COHM1 005
§1=0. COHM1006
D0 60 I=1,NDV coHMI007
52=ABS(S(I}) ConMi008
IF (S2.6T.S1) S1=S2 couni1009
CONTINUE COHMIDI0
IF (S1.LT.1.0E-20) St=1.Q0E-20 coumMtont
$1=1./81 conMiog2
DFTDF1=DFTDF®S1 CONMI10t3
D0 70 I=1,NDV COHMIO014
S(I)=51%#S(I) conMi0I5
SLOPE=51#5LOPE cotioe
RETURN COMM1D17
END COHN1018

SUCROUTINE CNMHO3 (X,5,SLOPE,ALP,FFF,AY,A2,A3,A4,F1,F2,F3,F4,APP,NCOHHI019
11,HCALKOUNT , JGOTO) COonM1020
COHMON /CHMN1/ DELFUH,DABFUH, FDCH, FDCHM,CT,CTHIN,CTL,CTLHIN, ALPHAXCONIT1 0

noonOoOooo0an

—-00

o

20

wooo

a

49

50

acoo’

1,ABOBJ1, THETA, 0BJ,NOV,NCON,NSIDE , IFPINT,NFDG,HSCAL, LINOBJ, ITHAX, ITCONMI 02T

2RM, ICHDIR, IGOTO,HAC, INFQ, INFCG, ITER
DINEHSION X(H11}, S(NY1), NCAL(2}

ROUTINE TO SOLVE ONE-DIMEHSIOMAL SEARCH IN UNCOHSTRAIMED

MINIMIZATION USING 2-FOINT QUADRATIC INTERPOLATION, 3-POINT

CUBIC INTERPOLATION AND 4-POINT CUBIC INTERFOLATION.
BY G. N. VAHCERPLAATS
NASA-AMES RESEARCH CENTER, HOFFETT FIELD, CALIF.
ALP = PROPOSED MOVE PARAMETER.

SLOPE = INITIAL FUNCTION SLOPE = $-TRANSPOSE TIMES DF.

SLOPE MUST BE NEGATIVE.

0BJ = IMITIAL FUNCTION VALUE.

ZR0=0.

IF (JGOTD.EQ.0) GO TO 10

GO TO (50,80,110,140,180,220,270},JG0T0

INITIAL INFORMATION (ALPHA=0)

AFRIL, 1972,

cotnioz23
couriio2s
Connioes
cotmote
cotrt 27
cotritoce
comrito29
conmMio3o
CONMIO3Y
comnto3z
COHM1033
COHNi Q34
COHMI1035
COHIMt036
CONM1037
COHMt038
CONH1039

IF (SLOPE.LT.0.) GO TO 20
ALP=0.

RETURN

CONTINUE

IF (IPRINT.GT.4) WRITE (6,360)
FFF=0BJ

AP1:=0.

A1=0.

Fi=08J

AZ=ALP

A3=0.

F3=0.

APzA2

KOUNT=0

CONM1040
COoHMI04t
coHri1 042
COHMIO043
COHH1044
COtiH1045
CONM1046
CONM1047
CotM1048
CONMIOG®
COHMI 050
COHMI051
cotni052
CONM1053
COHM1054

CONMI055
COHITO0S54

CONTINUE

KOUNT=KOUNT+1

00 40 I=1,NDV

XUI)=X(I)Y+APw»S(I)

IF (IPRINT.GT.4) WRITE (6.370) AP
IF (IFRINT.GT.4) WRITE (6,380) (X(1),1=1,NDOV)
HCALC1}=NCALUt)#1

JGOTO=1

RETURN

COMNTINUE

F2=0BJ

IF (IPPINT.GT.4) WRITE (6,390) F2

IF (F2.LT.FY) GO YO 120

CoHM1057
COHMtOo58
cont1 059
CONHI060
COoHM1061
COHIt062
COHM1063
COoHI 064
CONNE065
COHH1066
COMHMIO06T
CONM1068
COHMS069
COHM1070

conti1e7t

------------------------------------------------------------------ CohlHt1072

IF (KOUNT.GT.51) GO TO 60
FF=2.%APS1F1)

IF ¢F2.LT.FF) GO TO 90
FF=5,#ACS(F1)

IF (F2.LT.FF) GO TO 60
A2=.5MAL

AP=-A2

ALP=AT

GO TO 30

COHMI073
cono7a
CONH1075
CoHmoze
CoNM1077
conii1078
CoHM1079
connmoso
col1o9
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100

10

120

130

F3=F2 CONM1082
A3=A2 COHH1083
A2=.5%A2 COHM1084
------------------- CONM1085

UPDATE DESIGN VECTOR AND FUNCTION VALUE CONM1086
------------------------------------------------------------------ CONM1087
AP=A2-ALP CONMY 088
ALP=A2 ConM1089
DO 70 I=1,NDV COHM1090
X(ID=X(I)+AP#S(1) CONM1091
IF (IPRINT.GT.4) WRITE (6,370) A2 COHM1092
IF (IPRINT.GT.4) WRITE (6,380) (X{I},I=1,NDV) COHM1093
NCAL(1)=NCAL({1)+] COHMI094
JGOTO=2 COHMI095
RETURN CONM1096
CONTINUE COHM1G97
F2=08J CONM1098
IF (IFPRINT.GT.4) WRITE (6,390) F2 COtM1099
PROCEED TO CUBIC INTERPOLATION. COHMiI 100
GO TO 160 CoHMI 10}
CONTINUE COoNMI102
-- B T L bt L b CONM1103
FMMM NN 2~POINT QUADRATIC INTERPOLATION o u A unCONML 104
B e e il bt b CONM1105
JJ=1 CONM1 106
I1=1 CONM1107
CALL CNMNO4 (II,APP,ZROD,A1,F1,SLOPE,A2,F2,2R0,2ZR0,ZR0,ZR0O) conM1198
IF (APP.LT.ZRO.OR.APP.GT.A2) GO TO 120 CONM1109
F3=F2 CONMI110
A3=A2 CONML 111
A2=APP CONMI11E
JJ=0 CONMI113
-—- i Tt it Dt CONMIt 14

UPDATE DESIGN VECTOR AND FUNCTION VALUE CONM1115

- B D e L L L L e L COHMIT 16
AP=A2-ALP CoHM1117
ALP=A2 CONHIt18
DO 100 I=1,NDV CONMI119
XUI)=X(I)+APRS(I) CONM1120
IF ¢IPRINT.GT.4) WRITE (6,370) A2 CONM112Y
IF (IPRINT.GT.4) WRITE (6,380) (X(I),I=1,NDV) COHM1 122
NCALC1)=NCAL(1)#+1 CcoHM1123
JGOTO=3 CONMI129
RETURN CONH1 125
CONTINUE CONM1126
F2=08J ConmMtI 127
IF (IPRINT.GT.4) HWRITE (6,390) F2 CONMI128
GO TO 150 CONM1129
A3=2 . mA2 CONM1130
---------------- - CONM1 131

UPDATE DESIGN VECTOR AND FUNCTION VALUE CONMI132

R e L DL CONM1133

AP=A3-ALP CONM113¢
ALP=A3 CONMI 135
DO 130 I=1,NDV COHMI 136
X(I)=XUI)*+AP*S(1) CONMYt37
IF (IPRINT.GT.4) WRITE (6,370) A3 COHM1138
IF (IPRINT.GT.4) WRITE (6,380) (X(I),I=1,NDV) CONM1139
NCAL(1)=HCAL{1)#1 CONM1140
JGOTO=4 COHItt 141

140

150

160

aoo0

170

o000

RETURN CONMY 142
CONTIjUE CONM1143
F3=08 CONMt146
IF (IPRINT.GT.4) WRITE (6,390) F3 CONM1 145
CONTINUE CONMIY 146
IF (F3.LT.F2) GO TO 190 CONMY147
CONTINUE COMNM1 t48
-------------- CONM1 149
PR F NN 3-POINT CUBIC INTERPOLATION D RIEN NI COHMI150
------------ CONM1151
I1I=3 CONH1152
CALL CNMNO4 (IX,APP,ZRO,A1,F1,SLOPE,A2,F2,A3,F3,2ZR0,2R0) CONM1t53
IF (APP.LT.ZRO.OR.APP.GT.A3) GO TO 190 CONMI 154
B L EEEE P -- CONMI 155
UPDATE DESIGN VECTOR AND FUNCTION VALUE. COMMI 156
------------------ CONM1157
AP1=APP CONMI158
AP=APP-ALP CONMI159
ALP=APP CONM1160
DO 170 I=1,NDV CONM1 161
X(I)=X(I)Y+AP#S(T) CONM1 162
IF (IPRINT.GT.4) WRITE (6,370) ALP CONME163
IF (IPRINT.GT.4) WRITE (6,380) (X(1),1=1,NDV) CONMI 164
NCALC1)=NCAL(1)+ CONI1165
JGOTO=5 COHMI166
RETURN CONMI167
CONTINUE CoMM1 168
IF (IPRINT.GT.4) WRITE (6,390) OBJ CONMI 169
----- CONM1170
CHECK CONVERGENCE ConMi1

----------- CONME172
AA=1,-APP/A2 CONMI1T73
AB2=ABS(F2} CONMI174
AB3=ABS(0BJ) CONM1175
AB=AB2 CONHI1T6
IF (AB3.GT.AB) AB=AB3 CONMI177
IF (AB.LT.1.0E-15) AB=1.0E-15 CONMI178
AB=(AB2-AB31/AB CONMI179
IF (ABS(AB).LT.1.0E-15.AND.ABS(AA}.LT..00t) GO TO 330 CONM1180
AG=A3 CONHE181
F4=F3 cohM1182
A3=APP CONM1Y83
F3=0BJ cormi184
IF (A3.GT.A2) GO TO 230 CoNMY 185
A3=A2 CONtit 186
F3=F2 CONM1187
A2=APP CoNlMI188
F2=0BJ CONMI189
60 TO 230 CONHE190
CONTINUE CONMT 191
--------- CONMY192
NN 4-POINT CUBIC INTERPOLATION FHEMI NN N CONM1193
CONM1194

CONTINUE CONM1195
AG=2 , %AZ CONMI196 |
UPDATE DESIGN VECTOR AND FUNCTION VALUE. coNm 197
AP=AG-ALP conM1198
ALP=AG CONM1199
DO 210 I=1,NDV CONH1200

X(I)=X(I)+APNS(1)

CONH1201



LET

220

230

260

250

260

270

280

290

300

IF (IPRINT.GT.4) HWRITE (6,370) ALP
IF (IPRINT.GT.4) HRITE (6,380) (X(I),I=1,HDV)
NCAL(1)=NCAL(1)#)

JGOTO=6

RETURM

CONTINUE

F4=0BJ

IF (IPRINT.GT.4) WRITE (6,390) F4
IF (F4.GT.F3) GO TO 230

A1=A2

F1=F2

A2=A3

F2=F3

A3=AG

F3=Fo

GO TO 200

CONTINUE

I11=4

CALL CNMNO4 (IX,APP,At1,A1,F1,5L0PE,A2,F2,A3,F3,A%,F4)
IF (APP.GT.AY) GO TO 250

AP=A1-ALP

ALP=A1

0BJ=F1

DD 240 I=1,NDV

X{II=X{1)1+AP%S(I)

GO TO 280

CONTINUE

UPDATE DESIGN VECTOR AND FUNCTION VALUE

AP=APP-ALP
ALP=APP

DO 260 1=1,NOV

XUI)ZX(1)+APHS(T)

IF (IPRINT.GT.%) WRITE (6,370) ALP

IF (IPRINT.GT.4) WRITE (6,380) (X(I),IS1,NOV)
NCAL[1)=NCAL(11+1

J60T0=7

RETURN

CONTINUE

IF (IPRINT.GT.4) KRITE (6,390) OBJ

CONTINUE

IF (0BJ.GT.F2.0R.0BJ.GT.F3) GO TO 290
IF (0BJ.LE.F1) GO TO 330
AP=At-ALP

ALP=At

0BJ=F1

G0 TO 310

CONTINUE

IF (F2.LT.F3) GO TO 300
0BJ=F3

AP=A3-ALP

ALP=A3

GO 7O 310

0BJ=F2

AP=A2-ALP

ALPzA2

conMi202
CONMIZO3
COHM1204
COH1205
CotM1206
CONMI207
CONMIZ208
COHM1209
CoHM1210
CONMI 21y
conm g2
COMM1213
COHMI214
CONME215
coHM1216
com1217
COHMI218
CONMI219
CONM1220
cotre2y
conmr2z2
connzel
CONMI229
CONIt1225
cotryi 226
conmMiz2?
conM1228
coHmM1229
CONM1230
cotny2 st
CONMI232
ConM1233
cotma3sae
COnMiI235
COHM1236
Cott11237
COHM1I238
COHM1239
CoHM1240
cori1 241
COMHM1242
CONMI243
CoHMI 244
CONMI245
colMiI2as
COHIM1 247
COHM1248
COMHIZ49
COHM1250
cotr12s!
connzs2
CONMI1253
coHni 254
CohM2%5
CQHI 256
COHM12s7
CONM1258
CCHM1259
COHMI 260
cotit2st

310 CONTINUE

COHM 262

[ e e SR T TEE— COHMI63
¢ UPDATE DESIGH VECTOR CONMIZAG
L et T LT CONITI 265

DO 320 I=1,NDV COINI 266
320 X(II=X(1)*AP#S(I) COrMIZ67
330 COMTIMUE COHNI 268
c COMMI 269
c CONMI270
c COMIS 27

IF (0BJ.LE.FFF) GO TG 350 comn 272
c INITIAL FUHCTION 1S MINIMUM. conMtz73

DO 340 I=1,tDV conmnizse
340 X(I)=X(I)-ALP¥S(I) cOHM 275

ALP=0, COIMIZ76

0BJ=FFF coMMy277
350  COMTIMUE coii27a

JGOTO=0 col279

RETURN CONMI280
e, coliti 261
c FORMATS cotI 202
€ emmmmm e cmmmm e cmmmmemeeeeemeameas—eeeeaseomeee e coHnizes
c CcoNM1284
c CONMI285
360 FORMAT (/////5X,60H% % % UNCONSTRATHED ONE-DIMENSIONAL SEARCH IHFOCOHH1ZES

IRMATION ® % ») CONM1287
370  FORMAT (/5X,7HALPHA =,E14.5/5X,8HX-VECTOR) ot 288
380  FORMAT (5X,6E13.5) cotni 289
390 FORMAT (/5X,5HOBJ =,E14.5) COHM1290

30 COM11 291

SUDBROUTINE CNHNO4 (II,XBAR,EPS,X1,Y1,SLOPE,X2,Y2,X3,Y3,X4,Y4) cot 292
c ROUTIME TO FIND FIRST XBAR,.GE.EPS CORRESPONDING TO A HIMIMUM COHM1293
c OF A CHE-DIMENSIOMAL REAL FUNCTIOH BY POLYHOMIEL INTERPQLATION.  COHI1294
c BY G. H. VANDERPLAATS APRIL, 1972. CONM1Z95
¢ HASA-AMES RESEAPCH CEMTER, MOFFETT FIELD, CALIF. cotutI296
c COHMI297
c II = CALCULATION COMTROL. coun1zoa
c 1: 2-POINT QUADRATIC INTERPOLATION, GIVEN X1, Y1, SLOPE,  CONHNI299
C X2 AHD YZ. CONMI300
c 2:  3-POINT QUADRATIC INTERPOLATION, GIVEM X1, Y1, X2, Y2,  COM11301
c X3 AMD Y3, cou 302
c 3:  3-POINT CUBIC INTERPOLATION, GIVEN X1, Y1, SLOPE, X2, Y2,CONM1303
c X3 AND Y3, COHN1 304
c 4: 4-POINT CUBIC INTEPPOLATION, GIVEN Xt, Y1, X2, Y2, X3,  CCHMI305
c Y3, X4 AN Y4, cotii 306
c EPS MAY BE NEGATIVE. CONMI307
c IF REQUIPED MINIMUM ON Y DOES NOT EXITS. OR THE FUNCTION IS coM 308
c ILL-CONDITIONED, XBAR = EPS-1.0 WILL BE RETURNED AS AN ERROR cotni3os
c INDICATOR. COMiTI310
c IF DESIFED INTERPQLATION IS ILL-COHMOITIOMED, A LOWER ORDER cot 3N
c INTERPOLATION, CONSISTANT WITH INPUT DATA, WILL BE ATTEMPTED, coHn 312
c AND II WILL BE CHANSED ACCORDINGLY. CONM1313

XBAR1ZERS-1. COHM1316

XBAR=XBAR! coNM 315

X21=¥%2-%1 coM3ts

IF (ABS(X21).LT.1.0E-20) RETURN coMMI317

NSLOP=MOD(I1,2) cour1 318

60 TO (10,20,40,50),II coH 319
10 CONTINMUE CoMMI320
€ emm e e e mmmmcemeamcacemeeseo—semeeee cotN 321
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II=1

DX=X1-X2

IF (ABS(DX).LT.1,0E-20) RETURN
AA={SLOPE*(Y2-Y1)/DX)/DX

IF (AA.LT.1.0E-20) RETURN
BB=SLOFE-2.*AA*X1
XBAR=-.5%BB/AA

IF (XBAR.LT.EPS) XBAR=XBAR1
RETURH

CONTINUE

{ITERPOLATION

I1=2

X21=X2-X1

X31=X3-X1

X32=X3~X2

QQR=X21%#X31#X32

IF (ABSI(QQ).LT.1.0E-20) RETURN
AAZ{Y1#X32-Y2%X31+Y3#X211/QQ
IF [AA.LT.1.0E-20) GO TO 30
BB=(Y2-Y1)/X2t-AAR{X1+X2)
XBAR=-,5%BB/AA

IF (XBAR.LT.EPS) XBAR=XBAR?
RETURN

CONTINUE

IF (MNSLOP.EQR.0) RETURH

GO TO 10

CONTINUE

3-POINT CUBIC INTERPOLATION

X21=X2-x1

X31=X3-X1

X32=X3-X2

QQ=X21%X31#X32

IF (ABS{QR).LT.1.0E-20) RETURN

X11=xX1#x1

DHOM=X2%X2#X31-X11%X32-X34X3uX21

IF (ABS{DNOM).LT.1.0E~20) GO TO 20
AASCIXIIHXIIH(Y2-Y1 )-X21%X21%(¥Y3-Y1))/(X31%X21)-SLOPE¥X32)/DNOM
IF (ABSIAA).LT.1.0E-20) GO TO 20
BB=1(Y2-Y1)/X21-SLOPE-AAR(X2#X2+X1#X2-2 . #X11))/X21
CC=SLOPE-3.#AA#X{1-2.#BB#X1

BAC=BB*BB-3.#AA%CC

1F {BAC.LT.0.) GO TO 20

BAC=SQRT(BAC)

XBAR=(RAC-B31/(3.%AA)

IF (XBAR.LT.EPS) XBAR=EPS

RETURH

CONTINUE

X21=X2-X1
X31=X3-X1
XG1=X6-X1

cotiny 322
conniszs
COHM1 324
COtir11 325
COHM1326
COHM1327
comiize
coreir13ze
COHI11 330
CoHM13IM
COHMI 332
connt 3l
COHM1 334
COHIM1 335

COHH1336
COHM1337
COtM1338
COHM1339
COlIM1 340
CCHH1 341
Connt a2
CONHM1343
COHM1 344
COHnt 345
COHM1 346
COHM1367
COMM1348
Conrt 349
COHH1350
COHM1 351
CCOHM1352
CONM1353
Corit{1 354
COHM1355
CONM1356
COMMY 357
CoHMI 358
COHIM1359
COHM1360
COHM1361
CoHry 362
CON1t 363
COHMitt 364
COHMI 365
COHM1 366
COHM1367
COHM1 368
COHM1 369
COMM1370
COHMI 371t
coHM1372
COHM1373
COHNM1374
COHNM1375
CONM1376
COHt1377
COHM1378
COHMY379
COoHM1380
COHM138Y

60

OO0 00O00O0000

X32=X3-X2 COHIt 382
X42:¥%4-%2 COHt1 383
X11=X1%X1 cotntlsg
X22=X2*X2 COti 335
X33=X3*X3 conrg 336
Xag=Xa*Xs COnr1 387
X1P1=X1#X11 cotinty 388
222=¥iwXe2 COHM1339
Q2=X31%X21%X32 COHI1390
IF (ABSIQ2).LT.1.0E-30) RETURN COHM1391
QI=X111#M32-X222%X31 +X3¥X33»X21 COnMt 392
QE=X111%¥X42-X220#XG 1 #XG%X44X21 COHM1393
Q5=XG1#X21#X42 COHM1394
ONOM=Q2*Q4-Q1 %45 COHMY 395
IF (ABS(DNOM}.LT.1.0E-30) GO TO 60 COHM1396
QI=VINXT1-Y2#XTL Y1 #X32 COHN1397
QOE=YGRXTI-Y2UXA1+Y1¥X4G2 CONM13%8
AA=(Q2¥Q6-Q3%Q5)/DHOM COHMY 399
BB=(Q3-Q1*AA)/Q2 COHIM1400
CC=(Y2-Y1-AA%{X222-X111))/X21-BB#{X1+X2) CONM1401
BAC=BB¥DB-3.¥AA¥CC COHMta02
IF (ABStAA).LT.1.0E-20.0R.BAC.LT.0.) GO TO 60 CONMt4n3
BAC=S9RT(BAC) COHHT 404
XBAR=(BAC-BB)/(3.%AA) CONM1405
IF (XB&R.LT.EPS) XBAR=XBARI COHM1406
RETURN COHM1407
CONTINUE COHMt408
IF (HSLOP.EQ.1) GO TO 40 COHt1409
GO TO 20 CONM1610
END COoHMLa1Y
SUBROUTINE CNMNO5 (G,DF,A,S5,B,C,SLOPE,PHI,ISC,IC,HS1,NVCsN1,N2,N3,CONM1412
1H4,HN5) COHMI413

COHMON /CNMN1/ DELFUN,DABFUN, FDCH,FDCHM,CT,CTHIN,CTL,CTLMIN, ALPHAXCORM1414
1,ABOBJ1, THETA,0BJ,NDV,HCON,NSIDE, IPRINT,NFDG,NSCAL, LINOBJ, ITHAX,ITCOHMI 415

2RM, ICNDIR,1IGOTO,MAC, INFO,INFOG, ITER CoHMEG16
DIMEHSION DF(Nt}, G(N2), ISCtN2), IC(N3), AI(N1,N3)}, S(N1), C(N4), CONMt417
1MST(H5), B(N3,N3) COHMtG1D
RQUTINE TO SOLVE DIRECTION FIMDING PROBLEM IN MODIFIED METHOD OF CONHiGl9
FEASIBLE DIRECTIONS. CONM1620
BY G. N. VANDERPLAATS HAY, 1972, CONMT421
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. COuMt422
NORM OF S VECTOR USED HERE IS S-TRAMSPDSE TIMES S.LE.1. CoHM1G23
IF HVC = 0 FIND DIRECTION BY ZOUTENDIJK'S METHOD. OTHERWISE COHH1424
FIND HODIFIED DIRECTION. COHM1425
----------------------------------- mmmemmmmmmcmcmcsacensenama=-COHH1426
#¥#  NOPMALIZE GRADIENTS, CALCULATE THETA'S AND DETERMINE NVC w#=#COHM1427
------------------------------------------------------------------ CoHt1428
NDVI=HDV+1 CONM1G29
NDV2=NDV+2 COHM1430
HAC1=HACH1 CONHi43
NVC=0 CoHr 432
THMAX=0. CONM1433
CTA=ABS(CT) Cott1a34
CT1=1./CTA COHM1635
CTAM=ABSICTHIN) COHM1436
CTB=ABS{CTL) CONM1437
c12=1./CTRB Cont438
CTBM=ABS(CTLMIHN) COHM1439
Al=1. CONN1440

DO 4n I-1,HAC cottaae
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CALCULATE THETA

NCI=ICID)

NCJ=1

IF (NCI.LE.NCON) NCJ=ISCINCI)
C1=6G(HCI)

CTD=CT1

CTC=CTAH

IF (HCJ.LE.0) 6O TO 10
CTC=CTBH

CTO=CT2

IF (C1.GT.CTC) NVC=NVCH|
THT=0.

GG=1. +CTD*CH

IF (NCJ.EQ.Q.QR.C1.GT.CTC) THT=THETA#GG*GG
IF (THT.GT.50.) THT=50.

IF (THT.GT.THMAX) THMAX=THT
ACNDVI,I)=THT

A(NDV2,1)=t,

IF (NCI.GT.NCON) GO TO 40
A1=0.

DO 20 J=1,NDVY

A1=ATHACY, T)nn2

CONTINUE

IF (A1.LT.1.0E-20) A1=1.0E-20
A1=SGRT(A1)

ALNDV2,I1=A1

At=1./A1

DO 30 J=1,NDV

AT I)=AT1RA(J,T)

CONTINUE

NORMALIZE GRADIENT OF OBJECTIVE FUNCTION AND STORE IN NAC*!
COLUMN OF A

A120.

0O 50 I=1,NOV
A1=AT4DF(I )42
CONTINUE

IF (A1.LT.1.0E-20) AY=1,0E-20
A1=SQRT(A1)

INETZY

00 60 I=1,NDV
A{I,NAC1)=A1*DF(I)
BUILD C VECTOR.

IF (NVC.GT.0) GO TO 80

NDB=NAC1
A(NDV1,HDB =1,
DO 70 X=1,NDB
CtI}=-A(HOVY,I)
GO TO 110
CONTIHNUE

connta42
COHM1443
COHI1444
conrI 645
COHM1446
ConM1447
COHM1448
CONMIGES
CONM1450
COHM1451
CoHHia52
COtM1453
CoM 454
CQuM1455
Conhttabée
Conri1457
COHNMY458
COotMta59
COHM1460
conntast
CONMY462
COoNMn1463
COHM1464
COIRtaes
COHM1466
CONM1467
COHI1 668
COHM1 669
COHM1470
CaMtia71
CoHNt1a72
COHM1473
CONM1474
COHH1475
CoNM1I476
CONM1477
COtiM1478
coHM1479
Mo T L]
Cotirast
Cotntq8e
CoHniaa3
COHH1484
COoHN1 485
Cotina8s
COHNt4B7
COonM1488
CoHr1489
COMM1490
CoHH1649
CoHnes2
COHNM1493
CoHM1494
ConM1495
COHM1496
COHNM1497
COHN1498
COHM1499
CONIMIS00
COHI1501

ooo

90

100
110

o000

130

140

160

170

(s Nz

NDB=HAC
A(HDVY,NACY)

IF (THMAX.GT.0.00001) THMAX=1./THMAX
00 90 I=1,NDB

AUHDVY, I)=ATHDVY, I )#THMAX

CONTINUE

DO 100 I=1,NDB

C(I}=0.

DO 100 J=1,NDVY
COIN=CIIIALY,TI*ALJ,NACY)

CONTINUE

00 120 I=%,NDB

00 120 J=1,NDB

8(I,J1=0.

00 120 K=1,HDV1
BII,JI=B(I.J)-A(K,TI®A(K,J)

CALL CH!MNOS (NDB,MER,C,MS1,B,H3,N4,N5)

IF (IFRINT.GT.1.AND.NER.GT.0) HWRITE (6,180)
CALCULATE RESULTING DIRECTION VECTOR, S.
SLOPE=0.

COHMI502
COHM1503
CONH1504
COHNI505
COHHI506
COHIMI507
COHM1508
COHMI509
conisio
COHMtS1Y
connisse
COHMIBY3
count514
COHM 515
COHMI516
cotm1517
CONM1I518
CONN1519
COHM1I520
CONMIS2Y
CoHMmI522
CONH1523
COHM1524
COHH1525
COHM1526
caI527
COHN1528
COKMI529
COKM1IS30

DO 140 I=1,NDV

S1=0.

IF {NVC.GT.0) S1=~A(I,NAC1)
00 130 J=1,NDB
S1=S51-A(I,J}=ClI)
SLOPE=SLOPE+SI#DF(I)

St11=951

S(NDVY =1,

IF (NVC.GT.0) S(NDV1)=-A{NDVI,NACY)
00 150 J=1,HDB
SCHDY1)=S(HDY11-ALNDVY,J)*CLJ)

51=0.
DO 160 I=1,NOV
A1=ABS(S(I))

IF (AY.GT.S1) Si1=Al
CONTINUE

IF (S1.LT7.1.0E-10) RETURN
$1=1./51

DO 170 I=t,NDV
S{I)=S1*Si1)
SLOPE=S1#*SLOFE
S(HOVLISSISHDVL)

RETUPH

FORMATS

COHMIS3
COHMIG32
COHMIB33
COHItI 534
COHN1535
COHH1536
CoMn 537
COHM1538
COHM1539
COHM1540
COHM1541
COHH 542
COHNY543
COHMYIB40
COHMI545
CCHM 546
COHINB47
COot 548
CoNMI549
COHN1550
CONN551
CONMIS52
COHH1553
COHH554
COMN555
COHNI556
CONNYS57
COtsss
COHM1559
COHMIG60
COHN 561
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-------- CONMi562
COHMI563
CONM1564

FORMAT (//5X,46H* % DIRECTION FINDING PROCESS DID NOT CONVERGE/5X,COHM1565
1294% # S-VECTOR MAY NOT BE VALID) COHM1566
END COHMI567
SUBROUTINE CHMNO6 (X,VLB,VU8,G,SCAL,DF,8,61,62,CTAM,CTBM,SLOPE,ALPCONM1568
1,A2,A3,A%,F1,F2,F3,CY1,CV2,CV3,CV4,ALPCA,ALPFES,ALPLN, ALPMIN,ALPNCCONM1569
2,ALPSAY,ALPSID,ALPTOT, ISC,N1,N2,NCAL,NVC, ICOUNT, I600D1, 1GOOD2, IGOOCONN1570
303, 160004, IBEST,III,NLNC,JGOTO) CONMIST
COMHOM /CNMN1/ DELFUN,DABFUN,FDCH,FDCHM,CT,CTHIN,CTL,CTLMIN, ALPHAXCONH1572
1,AB0BJ1, THETA,0BJ,NDY,NCON,NSIDE , IPRINT,NFDG,NSCAL, LINOBJ, ITHAX, ITCONMI573
2RM, ICNDIR, IGOTO,NAC, INFO, INFOG, ITER CONM1574
DIMENSION X(N1), VLB(N1), VUB(Nt)}, GIN2), SCAL(N1), DF(N1), S(Nt),CONMI5S?S
1 G!(N2), G2IN2), ISC(N2), NCAL(2) COHMI576
ROUTINE TO SOLVE ONE-DIMENSIONAL SEARCH PROBLEM FOR CONSTRAINED  CONM1577

FUNCTION MINIHIZATION. COHMI578
BY 6. N. VANDERPLAATS AUG., 1974, COHMIB79
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF. CONH1580
0BJ = INITIAL AND FINAL FUNCTION VALUE. CONM158t
ALP = MOVE PARAMETER. COHM1B82
SLOPE = INITIAL SLOPE. CONM1583

CONH1584
ALPSID = MOVE TO SIDE CONSTRAINT. CONM1585
ALPFES = MOVE TO FEASIBLE REGION. CONM1506
ALPNC = MOVE TO NEW NON-LINEAR CONSTRAINT. ConMIB87
ALPLN = MOVE TO LINEAR CONSTRAINT. COHM1588
ALPCA = MOVE TO RE-ENCOUNTER CURRENTLY ACTIVE CONSTRAINT. CONM1589
ALPMIN = MOVE TO MINIMIZE FUNCTION. COoHMI590
ALPTOT = TOTAL MOVE PARAMETER. COHM1591

ZR0=0. CONM1592

IF (JGOTO.EQ.0)} GO TO 10 CONM1593
GO TO (140,310,520),JG0TO CONM1594
IF {IPRINT.GE.5) WRITE (6,730) CONM1595
ALPSAV=ALP CONM1596
ICOUNT=0 COMMIB9T
ALPTOT=0. CONM1598
TOLERANCES. CONM1599
CTAM=ABSICTHIN) CONM1600
CTBM=ABS(CTLMIN} COHM1601
PROPOSED MOVE. conMie02
CONTINUE COHMI603
-———- COHM1604

sunun  BEGIN SEARCH OR IMPOSE SIDE CONSTRAINT MODIFICATION s*xwx CONM160S
i e DL L DR DL CONM1606

A2=ALPSAY CONM1607
ICOUNT=ICOUNT*1 CONMI608
ALPSID=1.0E+20 COMM1609
INITIAL ALPHA AND 0BJ. COHM1610
ALP=0. COHM161Y
F1=08J CONH161R
KSID=0 CORM1613
IF (NSIDE.EQ.D) GO TO 70 COHMI614
- - CONMI6EE

FIND MOVE TO SIDE CONSTRAINT AND INSURE AGAINST VIOLATION OF COHM1616
SIDE CONSTRAINTS CONMI617
--- -—— -—-- CONM1618
DO 60 I=1,NOV COHIt1619
SI=S(I) cotin1620
IF (ABS(SI).GT.1.0E~20) GO TO 30 conti621

30

60

o000~
o

a0
90
-C

ITH COMPONENT OF S 15 SHMALL. SET TO ZERO.
S(I)=0.

SLOPE=SLOPE-SI*DF(1)

GO TO 60

CONTINUE

XI=X(I)

§I=%./S5I

IF (SI.GT.0.} GO TO 40

LOWER BOUND.

XI2=VLBLI}

XI1=ABS(XI2)

IF (XIf.LT.1.) XIt1=1,
CONSTRAINT VALUE.
GI={XI2-XI)/XIY

IF (6X.GT.-1.0E-6) GO TO 50
PROPOSED MOVE TO LOWER BOUND.
ALPA=(XI2-XI)*SI

IF (ALPA.LT.ALPSID) ALPSID=ALPA
GO TO 60

CONTINUE

UPPER BOUND.

XI2=VUB(I)

XI1=ABS(XI2)

IF (XI1.LT.1.) XIV=1,
CONSTRAINT VALUE.
GI=(XI~XI2)/XI}

IF (GI.GT.-1.0E-6) GO TO 50
PROPOSED MOVE TO UPPER BOUND.
ALPA={XI2-XI)*SI

IF (ALPA.LT.ALPSID} ALPSID=ALPA
GO TO 60

CONTINUE

MOVE WILL VIOLATE SIDE CONSTRAINT. SET S(I)=0.
SLOPE=SLOPE-S(I)*DF(I}

S(I1=0.

KSID=KSID*1

CONTINUE

ALPSID IS UPPER BOUND ON ALPHA.
IF (A2.GT.ALPSID) A2=ALPSID
CONTINUE

COHM1622
CONM1623
countezs
conre2s
Cottéens
conMe2?
CONMI628
CoHMt629
COHM1630
conmest
COHIM1632
COHMY633
COHM1634
CONM1635
CONH1636
COHH1637
CONMI1638
CONM1639
COHH1640
CONM1641
CONMI 662
CONH1643
COHM1644
CONNI 645
CONMIG646
CONM1647
COHMI 648
CONM1649
CONH1650
COHM1651
COHM1652
CONM1653
COHMI654
CONH1658
COHM1656
COHH1657
CONIN1658
COHM1659
CONM1660
COHM1661

CHECK ILL-CONDITIONING

CONM1662
COHH1663

IF (KSID.EQ.NDV.OR.ICOUNT.GT.10) GO TO 710
IF (NVC.EQ.0.AND.SLOPE.GT.0.) GO TO 710
ALPFES=-1.

ALPMIN=-1.

ALPLN=1.1#ALPSID

ALPNC=ALPSID

ALPCA=ALFSIOD

IF (NCON.EQ.0) GO TO 90

STORE CONSTRAINT VALUES IN Gt.

DO 80 I=1,NCON

G1(I)=G(I}

CONTINUE

CONTINUE

COHM1 664
COHM1665
CONM1666
COHM1667
COHM1668
CONM1669
CONM1670
COMMI6 7Y
COHM1672
CONM1673
CONM1674
COlMt675
COHM1676
CONM1677

MOVE A DISTANCE A2xS

CONHM1678
CoHmere

ALPTOT=ALPTOT*A2

CCHM1680
COHH1681
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DO 100 I=1,NOV Cohnt1682
X(I)=X{T)+A2*5(1} CONM1683
CONTINVE ConM1 609
IF (IPRINT.LT.5) GO TO 130 COHM1685
HRITE (6,740) A2 COHM1686
IF (NSCAL.ER.0) GO 7O t20 CatrM687
DO 110 I=1,NDV CONMt688
G{I)=SCAL{I}#X(I} COHM1689
HRITE (6,750) (GtI},I=1,NDV) COHM1690
GO TD t30 COHHI691
WRITE (6,750) (X(I},I=1,H0V) conr1692
------------------------------------------------------------------ COHM1693

UPDATE FUNCTION AND CONSTRAINT V.

CoHM1694
CONM1 695

NCAL{1)=NCAL(1 1+t CONH1696
JGOTO=1 COHH1697
RETURN CONM1698
CONTINUE COHH1699
F2=08J CONH1700
IF (IPRINT.GE.5) WRITE (6,760} F2 COHM1701
IF (IPRINT.LT.5.0R.NCON.EQ.0) GO TO 150 cotiry 702
WRITE (6,770) CotML703
WRITE (6,750) (G(I),I=1,NCON} COHMI 704
CONTINUE CaoHM1 705
---------------- - e mmmememmmesem o e e -~ —~COHIMI 706
IDENTIFY ACCAPTABILITY OF DESIGHS F1 AND F2 CONN1707

Bl il e adateialadeltes CONM1 708

IGOOD = 0 IS ACCAPTABLE. COHM1709
CV = MAXIMUM CONSTRAINT VIOLATION. CONM1710
1600D01=0 CONM1 718
1600D2=0 conti 712
Cvi=0, COHMIT713
Cvea=9. cotmL T4
NVC1=0 Conm 215
IF (NCON.EQ.D) GO TO 170 COHHt 716
D0 160 I=1,NCON coumi 717
CC=CTAN CONMITYIS
IF {1SC(I).GT.0) CC=CTBM CONMIT19
C1=61{I)-CC COHMY 720
C2:=6(I}-CC CONM1721
IF (C2.GT.0.) NVCI=NVCI+i CONM1 722
IF (C1.6T.CV1) CVI=C cot172s
IF (C2.6T7.Cv2) Ccv2=C2 CoHi 724
CONTINUE COHM1 725
IF (CV1.GT.0.) IGOODI={ COoMtI1 726
IF (Cv2.GT.0.) IGOOD2=1 ConMt 727
CONTINUE connzze
ALP=A2 CONM3 729
0BJ=F2 cohrMi1730
------------------------------------------------------------------ CONH1 731

IF F2 VIOLATES FEWER CONSTRAINTS THAN Fi BUT STILL HAS CONSTRAINT CONM1732

VIOLATIONS RETURN CONMIT33
------------------------------------------------------------------ CONMI 7364
IF (NVC1.LT.NVC.AND.NVC1.GT.0) GO TO 710 CONM1735
------------------------------------------------------------------ COtE 736

IDENTIFY BEST OF DESIGHS F1 ANF F2 coni 73z
------------------------------------------------------------------ CONM1738
IBEST CORRESPONDS TO MINIMUM VALUE DESIGN. CONMI739
IF COMSTRAINTS ARE VIOLATED, IBEST CORRESPOMDS TO MINTMUM coti 740
CONSTRAINT VIOLATIOH. cott 7at

180

190

o000

200

(e Nz Nz}

210

220

230

240

onoon

[}

IF (IGOODY.EQ.0.AMD.IGOOD2.EQ.0}) GO TO t&0
VIOLATED CONSTRAINTS. FICK MINIMUM VIOLATION.
IBEST=1

IF (CV1.GE.Cv2) IBEST=2

GO TD 190

CONTINVE

HO CONSTRAINT VIOLATION. PICK HMINIHUM F.
IBEST=1

IF (F2.LE.F1) IBEST=2

CONTINUE

11=1

IF (NCON.EQ.0) GO TO 230

COHMT 742
COHM1 743
CONNMI 744
COMHI 745
CONME 746
CONM1747
COtiM1748
COHM 749
COHM1 750
CoNMI 751
COMMI752
COHM1753

CONM1754
#uxn¥CONM1 755

I1I1=0

ITI=III+t

Ci=GI(III)

C2=6GLII1)

IF (ISC(III).EQ.0) GO TO 210

COHM1756
CONM1757
COHNt 758
COHNM1759
CONM1 760
CoHI 761

LINEAR CONSTRAINT

CONHI762
COomMt 763

IF (CY.GE.1.0E-5.AND.C1.LE.CTEM} GO TO 220
CALL CNHNO7 (II,ALP,ZRO,ZRO,C1,A2,C2,ZR0,2ZRO}
IF (ALP.LE.0.) GO TO 220

IF (C1.GT.CTBM.AHD.ALP.GT.ALPFES) ALPFES=ALP
IF (C1.LT.CTL.AND.ALP.LT.ALPLH} ALPLN=ALP

GO TO 220

CONTINUE

COHM176%
CONM1765
COHMt 766
COHIMI 767
CONM1 768
COHH1769
CONH1770
conum 771

NON-LIKEAR CONSTRAINT

=--COHM1772
CONHM1773
COHHI 774

IF (C1.GE.1.0E-5.AND.C1.LE.CTAHM) GO TO 220
CALL CHMNO7 (II,ALP,ZRO,2RO,C1,A2,C2,2ZR0,ZR0O}
IF (ALP.LE.O.) GO TO 220

IF (C1.GT.CTAM.AND.ALP.GT.ALPFES) ALPFES=ALP
IF (CY.LT.CT.AND.ALP.LT.ALFNC) ALPNC=ALP
COHTINUE

IF (III.LT.NCON) GO TO 200

CONTINUE

IF (LINOBJ.GT.0.0R.SLOPE.GE.D.) GO TQ 240
CALCULATE ALPHA TO MINIMIZE FUHCTION.

CALL CHMNO4 (II,ALPMIN,ZRO,ZRO,F1,SLOPE,A2,F2,ZR0,ZR0,ZR0,ZR0)

CONTINUE

CoHM 778
CONMI 276
CONM1777
conn77e
CONMYTT9
COHH1780
CoHH1 781
CONMI 782
COHM1783
CONMI784
CONN1 785
COHiM1 786

...... COnNt787

COoHIt 768
-CoHn7ee

MOVE AT LEAST FAR ENOUGH TO OVERCOME CONSTRAINT VIOLATIONS.

A3=ALPFES

HOVE TO MINIMIZE FUNCTION.

IF (ALFMIN.GT.A3) A3=ALPHIN

IF A3.LE.0, SET A3 = ALPSID.

IF (A3.LE.O.) A3=ALPSID

LIMIT MOVE TO MEW COHSTRAINT ENCOUNTER.
IF (A3.GT.ALPNC) A3=ALPHC

IF (A3.GT.ALPLN) A3=ALPLH

MAKE A3 HOH-ZEPO.

IF (A3.LE.1.0E-20) A3=1.0E-20

IF A3=ACcALPSID AUD FZ IS BEST, GO INVOKE SIDE CONSTRAINT

CONH1 790
CONH1791
CoHtit 792
COHM1793
COHM1 794
COHMI 795
Cotiii 736
COHM1 797
COHME798
COoHrn1 799
coHtIa00
Connaot
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250
260

270

280

290
300

320

MODIFICATION.

ALPB=1.-A2/A3

ALPA=1.-ALPSID/A3

JBEST=0

IF (ABS{ALPB},LT.1.0E-10.AND . ABS(ALPA).LT.1.0E-10} JBEST=
IF (JBEST.EQ.1.AND.IBEST.EQR.2) GO TO 20
SIDE CONSTRAINT CHECK NOT SATISFIED.
IF (NCON.EQ.Q} GO TO 260

STORE CONSTRAINT VALUES IN G2.

00 250 I=1,NCON

G2{I)=6(I)

CONTINUE

CONTINUE

IF A3=A2, SET A3=,9%A2.

IF ¢ABSUALPB).LT.1.0E-10) A3=,9%A2
MOVE AT LEAST .01®A2.

IF (A3.LT.(.01%A2)) A3=.01%A2
LIMIT MOVE TO 5, %A2.

IF (A3.GT.15.%A2)) A3=5,%A2

LIMIT MOVE TO ALPSID.

IF (A3.GT.ALPSID) A3=ALPSID

MOVE A DISTANCE A3xS,

ALP=A3-A2

ALPTOT=ALPTOT*ALP

DO 270 I=1,NDV

X(I)=X(I}+ALPRS(T)

CONTINUE

IF (IFRINT.LT.5) GO TO 300

WRITE (6,780}

RWRITE (6,740} A3

IF (NSCAL.EQ.0) GO TC 290

DG 280 I=t1,NDV

GII)=SCALIII*X{I)

WRITE (6,750) (GLI),I=1,NDV)

GO TO 300

WRITE (6,759) (X(I),I=t,NDV)
CONTINUE

NCAL(1)=NCAL(11+1

JGOTO=2

RETURN

CONTINUE

F3=08J

IF (IPRINT.GE.5) WRITE (6,760) F3

IF (IFRINT.LT.5.0R.NCON.ER.0) GO TO 320
WRITE (6,770)

HWRITE (6,750) (G(X),I=1,NCON)

CONTINUE

CV3=0.

IGOOD3=0

NVC1=0

IF (NCON.EQ.0) GO TO 340
DO 330 I=1,NRCON

CC=CTAN

IF (ISC{I).GT.Q) CC=CTBM

conmisoz
COHM11803
COHM1804
CONM1805
COHMIBO06
CONMIBO?
COHN1808
colriaesy
cotrmelo
COHM181Y
CoHMtBI2
COHi11813
conrt1814
COoHn18t5
conM1816
CoNM1B817
connisie
Cotti1819
CONH1820
CONMEB21
Conrtsz2
COoNM1823
COHMIB24
CONMY 825
COHM1826
CoHn1827
conritazs
COHMYI 829
CoHM1830
CohM1831
CoHn1832
CcoHt1a33

COHM1834.

COHMY B35
CONM1836
CQoHMi837?
COoHN183s
CDHM1839
CONI18490
COHM1 841
COHM1 842
CoNI1843
CONINt 844
COHM1 845
CONM1 846
conn1847
COHH1848
CoHM1849
COHM1850
COMM1851
corir1as2
COHMIS53
CONIt 854
COHNM1855
COHMYI 856
cotn es7
conness
CONH1859
CONI1860
conn a6

330

340

3150

360

370
380

oo

0o0on

3590

[zR N2l

400

C1=G(1)-CC conntes2
IF (C1.GT.CV3) CV3=C1 COMM1B63
IF (C1.GT.0.) KVCI=HVCH+{ cottie6s
CONTINUE COHI1855
IF (CV3.GT.0.) IGDOD3=1 cOtM8ss
CONTINUE COHIIB67
DETERMINE BEST DESIGN. COHIt1868
IF (IBEST.EQ.2! GO TO 360 COHMIa69
CHOOSE BETWEEH F1 AND F3. coNM1870
1F {1GOOD?.ER.0.AND.IGDOD3.EQ.0) GO TO 350 COHMI 871
IF (CV1.BGE.CV3) IBEST=3 conm ez
G0 TO 380 coHM1873
IF (F3.LE.F1) IBEST=3 COHI1874
GO TO 380 cONINBTS
CONTINUE coHMIBTS
CHODSE BETWEEN F2 AND F3. coNMiI877
IF (1GDOD2.EQ.0.AND.IGOOD3.EQ.0) GO TO 370 cotnia7e
IF (CV2.GE.CV3) IBEST=3 COHM1879
60 TO 280 CONMI BB
IF (F3.LE.F2) IBEST=3 CoNMiIBat
CONTINUE CONMI1B882
ALP=A3 CONIH1883
DBJ=F3 CONMIB8G
IF F3 VIOLATES FEWER CONSTRAINTS THAN F1 RETURN, CONM1885
IF (NVC1.LT.NVC) GO TO 710 CONM1B886
IF OBJECTIVE AND ALL CONSTRAINTS ARE LINEAR, RETURN. COHML88?
IF (LINOBJ.NE.O.AHD.HLNC.EQ.NCON) GO TO 710 CoNM1B88
IF A3 = ALPLN AND F3 IS BOTH GOOD AND BEST RETURN. CON!1869
ALPB=1.-ALPLN/A3 COHIM1890
IF {(ABS(ALPB).LT.!.0E-20.AND.IBEST.EQ.3).AND.(1GOOD3.ER.0)) GO TOCONMt891
1 710 COMM1892
IF A3 = ALPSID AMD F3 IS BEST, GO INVOKE SIDE CONSTRAINT CONH1893
MODIFICATION. CONIIBSY
ALPA=1,-ALPSID/A3 COHM1895
IF (ABS(ALPA).LT.1.0E-20.AND.IBEST.EQ.3) GO TO 20 COHH1896
--------------------------------------------------- CONM1897
Tt 3 - POINT INTERPOLATION nwaReRRNRCONI1 898
------------------------------------------------------------------ CONMIB99
ALPNC=ALPSID CONM1900
ALPCA=ALPSID COH1901
ALPFES=-1. conmt 902
ALPMIN=-1, CONM1903
IF (HCON.EQ.0) GO TO 440 COHM1904
111=0 CUNE1 905
ITI=III+1 COHMI906
C1=G1(I11) COHMI907
€2=62(IIl) COHH1908
C3=G(II1) CONM1909
IF (ISC{IIT).EQ.0) GO TO 400 COMII910
COHHI91Y

conMI9I2

CONII913

IF (C1.LE.CTBM) GO TO 430 CONM1914
11=1 COHMIRNS
CALL CHMNO?7 (II,ALP,ZRO,ZRO,C1,A3,C3,ZR0,ZRO} COHHt 916
IF (ALP.GT.ALPFES) ALPFES=ALP COHMI917
60 TO 420 coHMi9Y8
CONTINUE COHINI919
------------------------------------------------------------------ COHM1920
NON-LINEAR CONSTRAINT conrn 9zt
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o it D ittt d bkttt Cconny 922 IF (IPRINT.LT.5) GO TO 510 COHNM 982

11=2 CONM19C3 WRITE (6,720) CONM1993
CALL CNMHO7 (I1I,ALP,ZRO,ZRO,C%,A2,C2,A3,C3) catn1 926 KRITE (6,740) A4 COHNIN1 984
IF (ALP.LE.ZRO) GO TO 430 CoMr1 925 IF (NSCAL.EQ.0) GO TO 500 conni 9as
IF {C1.GE.CT.AHD.C1.LE.0.) GO TO 410 CONM1926 DO 490 I=1,NDV COt1 986
IF (C1.G6T7.CTAM.OR.C!1.LT.0.2 GO TO 420 conmte2? 490 GII)=SCAL(II*X(I) CONM1987
c ALP IS MINIMUM MOVE. UPDATE FOR MEXT CONSTRAINT ENCOUNTER. COhi11928 HWRITE (6,750} (G(I),XI=1,NDV) CoHnY 983
410  ALPA=ALP cotmi929 GO 10 510 COHMH1 989
CALL CNMNO7 (II,ALP,ALPA,ZRO,C1,A2,C2,A3,C3) CONH1930 500 HRITE {6,750) (X(I},I=1,NDV) COHIt1990
IF (ALP.LT.ALPCA.AND.ALP.GE.ALPA} ALPCA=ALP COHM193Y 510 CONTINUE CONM199%
GO TD 430 COHML932 C  emmmmmmmmmeeneeeeeeeea COotHt11 992
420 CONTINUE COHM1933 c UPDATE FUNCTION AHD CONSTRAINT VALUES COHH1993
IF (ALP.GT.ALPFES.AND.C1.GT.CTAM) ALPFES=ALP COlM1 934 [ L L L L PP LT COHM 994
IF (ALP.LT.ALPNC.AND.C1.LT.0.) ALPNC=ALP COMH1935 NCAL(1)=NCAL(13}+1 CONM1 995
430 CONTINUE CORM1936 JGDT0=3 CONH1996
IF (III.LT.NCON} GO TO 390 CONM1937 RETURN CONNY 997
440  CONTINUE CONH1938 520  CONTINUE coln 998
IF (LINOBJ.GT.0.OR.SLOPE.GT.0.) GO TO 450 COHM1939 F4=0BJ Cont1 999
[ i itk e COHM1940 IF {IPRINT.GE.5) WRITE (6,760} F& CONM2O00
c CALCULATE ALPHA TO MINIMIZE FUNCTION CONH1 94t IF (IPRINT.LT.5.0R.HCON.EQ.0) GO TO 530 CONNZ0DY
Cc -- COHMY 942 HWRITE (6,770) CoHt2002
11=3 COHMI94 3 HRITE (46,7503 (G(I},I=1,NCON} contizoal
IF (A2.GT.A3.AND.(IGOOD2.EQ.0.AND.IBEST.EQ.2)) II=2 COHM1944 530 CONTINUE COMI2004
CALL CNMNO4 (II,ALPMIN,ZRO,ZRO,F!,SLOPE,A2,F2,A3,F3,2R0,ZRO) COHM1 945 [ DETERMINE ACCAPTABILITY OF F4, CONM2005
450 CONTINUE CONM1 948 1600D4=0 COHH2006
[od CONN1947 Cv4=0. CONNR2007
[ PROPOSED HOVE CONMI 948 IF (NCON.EQ.0) GO TO 550 CONH2008
c ———— COHH1949 DO 540 I=1,NCON COHNR2009
c MOVE AT LEAST ENOUGH TO OVERCOME CONSTRAINT VIOLATIONS. COHN1950 CC=CTAM COMI2010
AG=ALPFES COHM1951 IF ¢ISC{I).GT.0) CC=CTBM CONHRO1 1
c MOVE TO MINIMIZE FUNCTION. CONME 952 C1=6{I)-CC CONt12012
IF (ALPMIN.GT.AG) A4=ALPMIN CONI 953 IF (C1.GT.CV4) Cv4=Ci COHM2013
< IF A6.LE.0, SET A6 = ALPSID. COHIY1 954 548  CONTINUE cond2014
IF tAG.LE.0.) A4=ALPSID COHME 955 IF (CV4.6T.0.) 1600D4=1 CONM2015
[ LIMIT MOVE TO NEW CONSTRAINT ENCOUNTER. COHI1 956 550 CONTINUE CONM2016
IF (A4.GT.ALPLN) A4=ALPLN COHM1957 ALP=AG coNH2017
IF (AG.GT.ALPNC} A4=ALPNC CONMI 958 oBJ=F4 conMeos
o LIMIT MOVE TO RE-EHCOUNTER CURRENTLY ACTIVE CONSTRAINT. COHM1959 c CONM2019
IF (A4.GT.ALPCA} A4=ALPCA CONMY 960 c DETERMINE BEST DESIGN CONM2020
c LIMIT A4 TO 5.%A3, COHM1969 C  mmeemmmeememe- - CONM2021
IF (A4.GT.(5.#A3}) A4=5.%A3 conM1962 GO TO (560,610,6601,IBEST coHnz022
o UPDATE DESIGN. COHM1963 560 CONTINUE COHt12023
IF (IBEST.NE.3,0R.NCON.EQ.0) GD TO 470 CONM1 964 c CHODSE BETWEEM F1 AND F4. COHM202¢
Cc STORE CONSTRAINT VALUES IN G2. F3 1S BEST. F2 IS NOT. COHM1 965 1F (IGOOD!.EQ.0.AND.IGOOD4.EQ.0) GO TO 570 COHM2025
DO 460 I=1,NCON COHM1966 IF (CVY.GT.CV4) GD TO 710 CONI2026
G2{I1=G(I} COHM1967 GO TO 580 CoNNzo2?
460 CONTINUE CONM1968 570 CONTINUE conizoze
470  CONTINUE COHM1969 IF (F4.LE.F1) GO TO 710 cottzoz2¢9
[od IF AG=A3 AND IGOOD1=0 AND IGODD3=1, SET AG=,9%A3. CONM1970 580 CONTINUE COM2030
ALP=AG-A3 COnM1 971 [ F1 IS BEST. CONM2O3
IF ((160001.EQ.0.AND.IGOOD3.EQ.1).AND . ABS(ALP).LT.1.0E-20) A4=.9%ACONMI972 ALPTOT=ALPTOT-A4 CON2032
13 CONM1973 OBJ=F1 CONMZ2033
c CONM1 974 Do 5990 I={,NDV COHMRO34
c MOVE A DISTANCE A4%S COHM1975 X{II=X(I)-AG*S(I) CONM2035
c COHH1976 590 CONTINUE CONMR2D36
ALP=A4-A3 CoHM 977 IF (NCON.EQ.0) GO TO 710 CONMR2037
ALPTOT=ALPTOT+ALP COHM1978 DO 600 I=1,NCON coHMzo3s
00 480 I=1,HDV COHMI979 GLIN=GI{I) COHN2039
XtI)=X(I)+ALP®S(I) COHNMY 980 600 CONTINUE COMHMZO040
a8t CONTINUE CoHM1 981 GO TO 710 CONN2041
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610

620
630

640

650
660

670

680

690

700
710

TO000

720
730

740
750
760
770
780
790

CONTINUE

CHOOSE BETWEEN F2 AND F&.
IF (1G0O0D2.EQ.0.AND.IGO0D4.EQ.0} GO TO 620
IF {CV2.GT.CV4) GO TO 710
GO TO 630

CONTINUE

IF (F4.LE.F2) GO TO 710
CONTINUE

F2 IS BEST.

OBJ=F2

A2=A4-A2

ALPTOT=ALPTQT-A2

DO 640 I=1,NOV
X(I)=X{I)-A2%S(1)
CONTINUE

IF (NCON.EQ.0) GO TO 710
DO 650 I=1,NCON
6(I)=62(1)

CONTINUE

GO TO 710

CONTINUE

CHDOSE BETWEEN F3 AND F4.
IF (IGOOD3.EQ.0.AND.IGOOD4.EQ.0) GO TO 670
IF (CV3.GT.CV4) GO TO 710
G0 TO 680

CONTINUE

IF (F4.LE.F3) GO TO 710
CONTINVE

F3 IS BEST.

0BJ=F3

A3=A4-A3
ALPTOT=ALPTOT-A3

DO 690 I=1,NDY
X(I)=X(I)~-A3#S(I)
CONTINUE

IF (NCON.EQ.0) GO TO 710
00 700 I=%,NCON
G(1)=62(1)

CONTINUE

CONTINUE

ALP=ALPTOT

IF (IPRINT.GE.5) HRITE (6,790)
JGOTO=0

RETURN

CONM2042
CONM2043
CONMR2044%
CONMZO45
COMM2046
CONH2047
CONM2048
CONMZ049
CONM2050
CONM2051

CONM2052
CONNZO053
COHM2054
CONM2055
COtiri2056
CoHM2057
Conr2058
CONM2059
CONM2060
CONM2061

CONM2062
CONt2063
CONM2064
CONM2065
COHM2066
CoHM2067
COHM2068
CONM2069
CONM2070
CONM20T

CONM2072
CONt2073
CONH2074
CONM2075
CONM2076
CONM2077
COMM2078
COHM2079
CONM2080
CONM2081
COoNti2082
COHM2083
CONM2084
CONM2085

FORHATS

CONM2086
Conri2087

FORMAT (/5X,25HTHREE-POINT INTERPOLATION)

CONM2088
CONM2089
coHH2090
CONM2091

FORMAT (/////58H% ® # CONSTRAINED ONE-DIMENSIONAL SEARCH INFORMATICONM2092

10N % » #)

FORMAT (//5X, 15HPROPOSED DESIGN/SX,7HALPHA =,E12.5/5X,B8HX-VECTOR)
FORMAT (1X,8E12.4)

FORMAT {/5X,5H0BJ =,E13.5)

FORMAT (/5X,17HCONSTRAINT VALUES)

FORMAT (/5X,23HTWO-POINT INTERPOLATION)

FORMAT {/5X,35H* % » END OF ONE-DIMENSIONAL SEARCH)

END

SUBROUTINE CNMNO?7 (II,XBAR,EP5,X1,Y1,X2,Y2,X3,Y3)

CONM2093
CONM2094
COHM2095%
COMM2096
CONMZ2097
COHI2098
COHM2099
CONM2100
COHMZ101

OO0

ONOND-—-0
o

OO w

ROUTINE TO FIND FIRST XBAR.GE.EPS CORRESPONDING TO A REAL ZERO
OF A ONE-DIMENSIONAL FUNCTION BY POLYNOMIEL INTERPOLATION.
BY G. N. VANDERPLAATS APRIL, 1972.
NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF.
II = CALCULATION CONTROL,
13 2-POINT LINEAR INTERPOLATION, GIVEN X1, Y1, X2 AND Y2.
2: 3-POINT QUADRATIC INTERPOLATION, GIVEN X!, Y1, X2, Y2,
X3 AND Y3,
EPS MAY BE NEGATIVE,
IF REQUIRED ZERO ON Y DOES MOT EXITS, OR THE FUNCTION IS
ILL-CONDITIONED, XBAR = EPS-1.0 WILL BE RETURNED AS AN ERROR
INDICATOR.
IF DESIRED INTERPOLATION IS ILL-CONDITIONED, A LOWER ORDER

COHM2102
CONM2103
CONM2104
CONHR105
CONH2106
CONI2107
COHI2108
conrz109
coutztie
CONM211¢
CONH2112
CONMZ113
CoHi2114

INTERPOLATION, CONSISTANT WITH INPUT DATA, WILL BE ATTEMPTED AND CONM2115
II WILL BE CHANGED ACCORDINGLY. CONM2116
XBAR1=EPS-1. CONMt2117
XBAR=XBAR1{ CONM2118
JJ=0 conH2119
X21=X2-X1 CONM2120
IF (ABS(X21).LT.t.0E-20) RETURN coNM2121
IF (I1.EQ.2) GO TO 30 conm2122
CONH2123

CONTINUE CONM2124
- CONM2125
II=11 2-POINT LINEAR INTERPOLATION CONM2126

COoNM2127

I1=1 CONH2128
YY=Y1ny2 COHM2129
IF (JJ.EQ.0.OR.YY.LT.0.) GO TO 20 CONH2130
INTERPOLATE BETWEEN X2 AND X3. CONM213Y
DY=Y3-Y2 CONM2132
IF (ABS(0Y).LT.1,0E-208) GO TC 20 COoNM2133
XBAR=X2+Y2%(X2-X3)/DY CONH2134
IF {XBAR.LT.EPS) XBAR=XBAR1 CONHZ135
RETURN CONM2136
DY=Y2-Y1 CONH2137
INTERPOLATE BETHEEN X1 AND X2. conr2138
1F (ABS{DY).LT.1.0E-20) RETURN CONM2139
XBAR=X14Y1%#(X1-X2)/DY CONM2140
IF (XBAR.LT.EPS) XBAR=XBAR{ CONM2141
RETURN CONM2142
CONTINUE CONM2143
CONM2144%

II=2+ 3-POINT QUADRATIC INTERPOLATION CONH2145

- CONMR 146
JJ=1 CohM2147
X31=X3-X1 CONM2148
X32=X3-X2 CONM2149
QR=X21#X3{wX32 CONM2150
IF (ABS(QR).LT.1.0E-20) RETURN CONM2151
AAS{Y1¥X32-Y2uX31+Y3%X21)/QQ CONM2152
IF (ABS(AA).LT.§,0E-20) GO TO 10 CONM2153
BB=(Y2-Y1)/X21-AAR(X1+X2) CONM2154
CC=Y1-X1*#(AA¥X14BB) CONM2155
BAC=BB*BB-4 . *AA*CC COHMZ156
IF (BAC.LT.0.) GO TO 10 CONI2157
BAC=SGQRT(BAC) CONI2158
AA= . 5/7AA COMHH2159
XBAR=AA%(BAC-BB} CONM2160

XB2=-AA*(BAC*BB)

COoHM216t
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IF (XBAR.LT.EPS) XBAR=XB2 CONN2162
IF (XB2.LT.XBAR.AND.XB2.GT.EPS) XBAR=XB2 COHM2163
IF (XBAR.LT.EPS) XDAR=XBAR1 CONM2Y64
RETURN COHMZ2165
END COMH2166
SUBROUTINE CNMNOS (NDB,NER,C,MS1,B,N3,N4,N5) comzie?
DIMENSION C(H4), B{N3,N3)}, MS1(N5) COMNZ168

ROUTINE TO SOLVE SPECIAL LINEAR PROBLEM FOR IMPOSING S-TRANSPOSE CONIM2169
TIMES S.LE.1 BOUMDS IN THE MODIFIED METHOD OF FEASIBLE DIRECTIONS.COHNZI70
BY G. N. VANDERPLAATS AFRIL, 1972. CotM21 74
NASA-AMES RESEARCH CENTER, HOFFETT FIELD., CALIF. connzire
REF. 'STRUCTURAL OPTIMIZATION BY METHODS OF FEASIBLE DIRECTIONS',COHH2173
6. N. VANDERPLAATS AND F. MOSES, JOURHAL OF COMPUTERS COoHMR21 74
AND STRUCTURES, VOL 3, PP 739-75%, 1973. COoHM2175
FORM OF L. P. IS BX=C WHERE 1ST NDB COMPONENTS OF X CONTAIN VECTORCOHNMZ176

U AND LAST NDB COHPOHENTS CONTAIN VECTOR V., CONSTRAINTS ARE COonM177
U.6E.0, V.GE.0, AND U-TRANSPOSE TIHMES V = 0. COHMZ178
NER = ERROR FLAG. IF NER.NE.O ON RETURN, PROCESS HAS NOT connzi7e
CONVERGED IN 5#HDB ITERATIONS. conMz2180
VECTOR HM51 IDENTIFIES THE SET OF BASIC VARIABLES. CoHriz181
------------------------------------------------------------------ CoNHz182
CHOOSE INITIAL BASIC VARIABLES AS V, AND IMITIALIZE VECTOR HS) CoHMZ183

------------------------- COHM2184
NER=1 COHM2185

1M2=2%NDB cotizies
CALCULATE CBMIN AND EPS AND INITIALIZE MS1. counz1a?
EPS=~1.0E+10 coHn2188
CBHIN=0. CONM2189
00 10 I=1,NDB CoHMZ 190
BI=B(I,X) COHM219Y
CBMAX=0. CoMM2192
IF (BI.LT.~1.0E-6) CBMAX=C(I)/BI COMN2193
IF (BI.GT.EPS) EPS=BI COHNZ194
IF (CBMAX.GT.CBMIN) CBHIN=CBMAX COHMZ195
HS1(I)=0 CoHM2196
EPS=.0001%EPS COHMZ197
IF (EPS.LT.-1.0E-10) EPS=-1.0E-10 COHI12198
IF (EPS.GT.-.0001) EPS=-.0001 CONM2199
CBHIN=CBHIN*1.0E-6 cowe2oo
IF {CBMIN.LT.t.0E-10) CBMIN=1.0E-10 COHMZ201
1TER1=0 CoHM2202
NHAX=5%NDB COHt2203

-------- COHIT2204
NN 0 BEGIN NEW ITERATION HURRANNNRHCONM2205

COMM2206

ITERIZITERI ¢y CONM2207
IF (ITER).GT.NMAX) RETURN COHHCROS
FIND MAX. C{I)/BtI,I) FOR I=1,NDB. CoHMz209
CBMAX=.9%CBMIN conMz210
ICHK=0 coNMz211
DO 30 I=1,NDB conMzet2
C1=Ct1) COHM2213
BI=B(I,I) COHM2214
IF (BI.GT.EPS.OR.CY.6T.0.) GO TO 30 conM221s
CB=Ct/8BI CONHZ216
IF (CB.LE.CBHAX) GO TO 30 conMz2217
ICHK=1 conrtz218
CBHAX=CB CON2219
CONTINUE CoHNnZ220
IF (CBHAX.LT.CBMIN) GO TO 70 camr2en

noo

40

no

90

00
00

IF (ICHK.EQ.D0) GO TO 70
UPDATE VECTOR MS1.

JJI=TCHK

IF (HS1(JJ).EQ.0) JI=ICHK+NDB
KK=JJ*DB

IF (KK.GT.M2) KK=JJ-NDB
MS1(KK)=1CHK

MS1(JJ)=0

BB=t,/B(ICHK, ICHK}

00 40 J=1,HDB

B(ICHK,J)=BB*B(ICHK,J)

CUICHK)=CBNAX

BUICHK, ICHK )=RB

ELIMINATE COEFICIENTS ON VARIABLE ENTERING BASIS AND STORE
COEFICIENTS ON VARIABLE LEAVING BASIS IN THEIR PLACE.
DO 60 1={,NDB

IF [I.EQ.ICHK) GO TO 60

BBY=B(I,ICHK)

B(I,ICHK)=0.

00 50 J=1,NDB

B8(1,J4}=BtI,J)-BB1#BIICHK,J)

C11)=C11)-BB1#CBNAX

CONTINUE

GO 7O 20

CONTINUE

NER=0

COnMz222
conmczes
cormze

comrzecs
conrzaee
connza22?
COM222

connzea9
conMa230
couree s
COH2232
connz2ss
Conne2sg
conhzass
CONM2236
CONMZ237
Connazis
CONMZ239
COHMN2240
CONM2241
colnzaae
COHNZ243
COHM2244
CONM2245
COHM2246
CONMR247
COHMz2248
COHH2249
COHN2250

STORE ONLY COMPONENTS OF U-VECTOR IN 'C'. WUSE B(I.1) FOR
TEMPORARY STORAGE

CONM2251
conM2252
conne2s3
COHMR254

00 80 I=1,NDB
B(I,1)=C(I)

CONTINUE

DO 90 I=1,NDB

C(I)=0.

J=HS1ULI)

IF (J.67.0) C{I)=B(J, 1}
IF (C(I).LT.0.) C(I)=0.
CONTINUE

RETURN

END

COHM2255
COHM2256
conn2257
CONMZ258
CONM2259
COotMR260
COH2261
CoHH2262
conHz2263
COHM2264
CONM2265
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APPENDIX C
LIST OF SYMBOLS
design variable coefficient of profile shape function;
Equation (14)
blade chord, meters

invariant point index; Equation (5); also, index for
surface shape functions; Equation (14)

dummy index; Equation (11)

number of independent flow or geometrical variables to
be perturbed; Equation (1)

total number of shock points and high-gradient maxima
points; Equation (13)

total number of invariant points, equal to n + 2;
Equation (5)

jth arbitrary geometric or flow parameter to be perturbed;
Equation (8)

calibration flow value of qj; Equation (7)
base flow value of qj; Egquation (7)
approximate flow solution for arbitrary flow quantity:

Equation (1)

calibration flow solution for wvalue q. of arbitrary
parameter; Equation (3) |

base flow solution for wvalues 9, of arbitrary param-
eters; Equation (1) 3

jth perturbation solution per unit changé of perturbed
parameter qj; Equation (3)

strained x coordinate; Equation (2)

nondimensional blade-fixed orthogonal coordinate;
Equation (1), normalized by C

nondimensional blade-fixed orthogonal coordinate related
to jth calibration solution; Equation (3)
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X straining function associated with x coordinate;

1 Equation (2)
X, straining function associated with itZ# invariant point;
i Equation (5)
Gxo unit displacement in x direction associated with ith
invariant point; Equations (6) and (10)
€. desired perturbaiton change of jth geometric or flow
] parameter; Equation (8)

perturbation change of jth geometric or flow parameter
] between base and calibration flows; Equation (7)

(LA

Subscripts

i denotes quantities associated with it# invariant point
J denotes perturbation gquantities

Superscripts

o denotes base flow gquantities

c denotes quantities associated with calibration flows
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TABLE 1

COMPARISON OF FINAL DESIGN VARTIABLES AND OBJECTIVE FUNCTION
WHEN EMPLOYING FULL NONLINEAR TSONIC SOLUTIONS OR
PERTURBATION METHOD FOR DIFFERENT CHOICES OF

CALIBRATION SOLUTION MATRIX FOR SIX DESIGN
VARIABLE SUBCRITICAL OPTIMIZATION CASE

STUDY USING MAXIMUM SUCTION SURFACE
VELOCITY DIFFUSION OBJECTIVE

Design Objective
Variables KOCR | T | M | P T™MX | THLE Function
INITIAL
Baseline -10.0000 | 0.2500 | 0.4500 | 1.50000 [ 0.0500 [ 0.0050 [ 1.8400
Upper Bound | 0.0000 | 0.6000 | 0.5500 | 4.0000 0.1000 | 0.0120
Lower Bound | -15.0000 | 0.2000 | 0.2000 | 0.5000 | 0.0300 | 0.0030
FINAL
TSONIC SOLUTIONS ONLY RESULTS
IOPT=1 7
Final ~7.3854 | 0.2000 | 0.5500 | 0.9220 0.0300 | 0.0060 | 1.6764
PERTURBATION SOLUTION RESULTS
I0PT=2 L
CASE 1
Calibration | -7.0000 | 0.2000 | 0.5500 | 0.9400 0.0300 | 0.0060
Final -9.1904 | 0.2342 | 0,5555 0.9371 0.0358 | 0.0052 | 1.6918
CASE 2
Calibration | -9.0000 | 0.2350 | 0.4950 | 1.6500 0.0550 | 0.0055
Final -8.8994 | 0.3098 | 0.5500 | 0.7463 $.0300 | 0.0050 | 1.6829
CASE 3
Calibration |-11.0000 | 0.2250 | 0.4050 | 1.3500 0.0450 | 0.0045
Final -9.7099 | 0.3162 | 0,5500 | 1.1332 0.0323 | 0.0055 | 1.7304
CASE 4
Calibration | -8.0000 | 0.2300 | 0.5000 | 1.0000 0.0350 | 0.0058
Final -8.8860 | 0.2814 | 0.5500 | 0.9023 | 0.0370 | 0.0051 | 1.6986
CASE 5
Calibration | -7.0000 | 0.2000 | 0.5500 | 0.9000 0.0300 | 0.0070
Final -9.1846 | 0.2314 | 0.5500 | 0.9397 0.0363 | 0.0053 | 1.6909
CASE 6
Calibration {-11.0000 | 0.6000 | 0.2000 | 4.0000 0.1000 | 0.0120
Final -7.1492 | 0.3166 | 0.5500 |} 1.2202 0.0300 | 0.0046 | 1.7332
IOPT=3
Final -8.0297 | 0.2000 | 0.5500 | 0.7356 0.0363 | 0.0039 [ 1.6989
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Perturbation for Perturbation for

galibration solution calibration solution
in physical coordinates in strained coordinates
Cp Cp
O O£ ,
X X, X
+ +

(a) Single shock

-+

(b) Multiple shock and high-gradient locations.

Figure 1l.- Illustration of perturbation solution
for calibration solution in physical and
strained coordinates
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z Z +
= Zpasy E‘iri

F. = x4 (1-x)/£2%%

F. = sin(nx0-431,3

F, = smn(mx®-737,3

F, = sin(mx1-3373

F. = SIN(nx>-106)3

DESIGN VARIABLES:
a

1 27 37 34, 65

0.20 0.40 0.60 0.80 1.0

Figure 2.- Illustration of typical ordinate shape
functions F; employed in blade contour
alteration optimization problems.
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OBJECTIVE IS TO MINIMIZE:

(¢ - ¢, )2
predicted Desired

-1.5 T C T T T
P Baseline
C .
-1.0 b P Desired o
Extent of blade
surface contoured I‘ -------------------- —
o ~0.5 T <
P e
M — 0.0 N
00
+0.5 | -
+1,0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
X/C

Figure 3.- Illustration of physical basis of optimization problem involving
blade surface contouring to tailor the surface pressure distribution
to a desired distribution.
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@®Perturbation method
@®Perturbation method BMFinal nonlinear
check
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Final full
Jnonlinear
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Design Variable Index Function
Figure 4.- Comparison of perturbation predicted and full nonlinear

results for final design variables and objective function for
5 design variable supercritical case study with sur-
face pressure tailoring objective.
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700 |- Ab4 @ Final nonlinear check —
600 —
.)3
500 |- -
CPU
sec

400

300

200

100

OBJ/OBJ i

Figure 5.- Comparison of computational work and objective function
reduction per optimization search cycle when employing pertur-
bation method after first search cycle (@) or when using

full nonlinear solutions (()) for a 5 design variable
supercritical case study with surface pressure
256 tailoring objective.



Transition location
between circular
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camber line
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Figure 6.- NASA circular arc blade element layout parameters.
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